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1.0 SUMMARY

The summary elements of this repor t consist of a digest, which follows

- in section 1.1 and the following elements which appear in appendices: an

outline of contrac t objectives, a cununula tive chronolog ical narrative of

progress during the duration of the contract, a list of personnel who worked

on the contrac t, a list of scientific talks and a list of publications.
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1.1 DIGEST

In this paper we present a simulation of plasma transport of e, H
4 

and 0~

along a flux tube of the earth’s magnetic dipole f ield , shown in Figure 1.

Heat and particle flux, and temperature and density are simulated , based on

realistic geophysical parameters at all times, and at each point of the flux

tube.

The model includes a solution of the primary electron and ion production

rates, the 2 stream photoelectron equations, ion and electron energy and oxygen

and hydrogen ion density equations.

Figure 2 displays the interrelationship-s of the various components of the

model. Control parameters (day, time, longitude, etc.) are used to set up the

solution grid and determine gravity, magnetic field strength and various other

parameters at each grid point. The neutral atmospheric densities and temperature

are then determined . This is followed by the calculation of the primary ionization

and photoelectron production rates. From the primary photoelectron distribution

the 2 stream equations provide the final photoelectron distribution including

transport, and the thermal electron heating rate which is needed in the solution

• of the energy equations to provide the electron and ion temperatures. Finally ,

the ion density equations are solved to provide 0~ and }f
” densities at each

gr id point to complete the procedure for the time step . At the next time step,

the procedure is repeated beginning with the neutral atmosphere.

The equations are solved on a spacially varying grid ; 300 grid points being

used for the L — 3 field line.

The Newton iterative technique has proved to be a stable and economic means

of solving the non—linear parabolic partial differential equations of density

and temperature. The method is stable enough that time steps can be chosen to

fit atmospheric conditions, i.e., stability requirements are not the limiting

factor.
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Solution of the energy equations on a non—uniform spacial grid has been

accomplished by a coordinate transformation based on orthogonal dipole coordinates.

The equations are then converted to finite difference form and solved for the

ion and electron temperatures using the Newton method . The solution is straight—

forward and no new numerical problems were experienced.

On the other hand , the solution of the density equations proved to be more

difficult. As is widely known, the large diffusion coefficient at high altitudes

causes numerical instability as small changes in density generate large changes

in velocities. Past methods of overcoming this problem involve setting artificial

upper boundary conditions, dividing the field line into regions and using different

techniques in different regions, or linearizing the equations.

We have developed a method tha t solves the coupled 0~ and equations in

a consistent manner for the whole field line. Our method of solution allows us

to step over the high altitude region using one complete step whilst maintaining

the same basic pattern of solution. By avoiding the high altitude region we

avoid the instability. The method is fully explained in a paper which has been

submitted to the Journal of Computational Physics. The method is significantly

faster than- the so called shooting method .

We have further improved the speed of convergence of the Newton procedure

by employing prediction techniques. The prediction has the additional benefit

of producing a near simultaneous solution of temperature and density even though

a ping—pong procedure has been adopted . The prediction provides accurate

densities for the next time step which can be used in the temperature solution.

• A modified steepest descent has been used to guard against the possibility of

the Newton procedure overshooting the correct solution and producing nega tive

densities in the process. 

_ _  

-

_ _ _ _ __ _ _ _  _ _ _



The most recent formulation of the transport equations has been used .

The code therefore constitutes the most comprehensive tool for modelling the

plasmasphere reported to date.

2.0 SCIENTIFIC RE SULTS

2.1 Introduction

Study of the thermal plasma population in the closed field line region of the

magnetosphere has grown in importance in recent years (see review by Chappell ,

1975). Not only is there a significant interchange of plasm a between the iono-

sphere and plasmasphere, but the thermal plasma has also been found to affect

the energetic particle population of the magnetosphere. This tight coupling

between the magnetosphere—ionosphere system via hot and cold plasma has an

impact on energetic particles of the radiation belts , ring current particles

and the plasma sheet. Although the broad features have been established

(Carpenter and Smith, 1964) a realistic comprehensive model of the plasmasphere,

however , has not yet been developed. -

It seems clear that the interchange flow processes are related to the

shaping of the plasmapause and light ion trough features (Chappell , 1975).

The global morphology of the plasmasphere varies strongly with magnetic activity

and associated electric fields. When the convection electric field increases

during magnetic storms the plasmasphere decreases in size owing to compression

on the night side and a peeling off and convective loss of plasma in the after—

noon dusk sector. During magnetically quiet periods, the plasmasphere refills

as a result of upward f l ow of cold plasma f ro m the ionosphere, increasing in size.

One of the primary objectives of studies of ionospheric—magnetosphere coupling

is to relate global morphological storm and quiet time patterns of the behavior

of the plasmasphere to those of the ionosphere.

4
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A fundamental requirement for understanding the processes governing the

ionosphere—plasmasphere system is a knowledge of the concen tration , temperature

and flow velocities of charged species populating the field tubes. Since no

experiment has yet been devised which can supply these parameters along the full

extent of the field tube, we must of necessity resort to models to unify and

• interpret available and forthcoming fragments of data . Studies of field tube

refilling constitute an important approach to the overall problem . Although

• many studies of this type have been carried Out in recent years (these are

discussed at greater length below) the details of the filling process still

remain unknown, primarily because it has not yet been possible to construct a

numerical model which incorporates all salient physical processes.

The purpose of the computer code described in this repor t is to provide

• the theoretical framework for quantitative interpretation of measurements of

concentration , flow and temperature of thermal ions in the plasmasphere from

ongoing and upcoming programs such as Atmosphere Explorer , International

Sun—Earth Explorer , Dynamics Explorer , GEOS and several Air Force satellites.

The nucleus of the model compris~s the solution of the momentum , continuity,

energy and heat flow equations for a system of 3 charged species, 0~ , H
4 and

electrons, i.e., we obtain concentrations, temperatures and flow velocities.

Work is currently in progress to include higher order moments for the pressure

and stress tensors (Schunk , 1975) to take account of perpend icular and parallel

temperatures. The effects of the magnetic gradient force is also being investi-

gated . The equations are solved along an entire field tube with feet located in

the E region of the northern and southern hemispheres. Ion production rates and

photoelectron heating rates are computed quasi—simultaneously along the field

line. Drifts due to neutral winds or electric fields are entered as input data

together with other geophysical parameters. As such,the code provides the most

comprehensive simulation to date of field aligned p lasma transpor t in the

plasmasphere. Nevertheless, at best the cod e will only provide a basis for

. - 
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interpretation of observations. It is unlikely tha t accurate agreement with

- ‘ all data will be attained at this stage, since a greater number of factors will

significantly affect the behavior of the plasinasphere than have been incorporated

into the current model. Disagreement between model values and measurements will

provide a basis for discovering new processes. There are clear indications tha t

significant unidentified plasmaspheric heat sources must exist. Satellite data

(Mahajan and Brace , 1969; Sanatani and Hanson , 1970; Serbu and Maier, 1970;

Brace et al., 1973; Maher and Tinsley , 1977) indicate large temperature gradients

between the equator and ionosphere on a given field tube, for example , which

cannot be explained by the photoelectron heat source. This in turn implies that

thermal conductivity coefficients must vary significantly along the field tube,

otherwise untenably large values of T
e 
would occur at 1000 lan. Wave particle

interactions seem to be an obvious candidate. However the problem with wave—

particle interactions is that accurate expressions for the “effective collision

cross sections”, which are needed to correctly describe transport processes such

as thermal diffusion and thermoelectric transport, are not available.

The effects of EXB drifts have not yet been satisfactorily treated . When

the effects of the latter are considered the magnetic field tube should be

allowed to move latitudinally taking account of the volume change in the tube

and consequent redistribution of ionization. Ultimately we will require the

capability to model the net loss of plasma from the plasmasphere, i.e., in

addition to loss to the ionosphere.

We expect that the present model will go a long way toward quantifying

the eff ects of the processes outlined abov e, and iden tifying new processes ,

just as the earlier models of Mayr et al. (1972); Moffett and Murphy, 1973;

Massa et al. (1974); Murphy et al. (1976); Bailey et al. (1978) have identified

the broad features of tube filling, and the effects of interheinispheric plasma

flow on conjugate ionospheres as a function of local time, season and solar

cycle.

6
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• Of all the hydrodynamic models reported in the literature to date for

L < 1.5 that of Mayr et a].. (1972) was the f irst  to include the momentum ,

continuity and energy equations in a comprehensive form. It is indeed regret—

table that this work was not carried further, as their code inherently contained

most of the basic features incorporated in the present work. We have simply

improved the formulation of the transport equations and developed an efficient

numerical technique for solving the coupled set of equations. However, without

the innovations incorporated in the present method , the task is formidable and

that may be the reason why the earlier attempts of Mayr 
~~~~~~~~~~~~~~ 

(1972) were

abandoned.

2.2 Previous Studies

Early work on the general subject of ionosphere—magnetosphere coupling can

be broken down into four main categories.

• 1) Interhemispheric Plasma Exchange: i.e., studies on the interhemispheric

flow of plasma and its effects on the plasmasphere and ionosphere.

2) lonosphere—Protonosphere Couplini: i.e., involving primarily studies of

pro tons escaping from and returning to the ionosphere using a single

hemisphere model.

3) General F region and topside ionospheric studies.

4) Formulation of transport equations relevant to the above mentioned studies.

We review progress in these 4 areas below commencing with points (2) and

(3) since historically studies of the plasmasphere or iginated in ~studies of the

ionosphere.

Normal F region

• We briefly review work in this area because not only does the behav ior of

the F2 
layer affect plasma exchange, but the work led to the formulation of the

modern aeronomy transport equations and to studies of ionospheric dynamics

(discussed in the next subsection) which significantly affect the filling of the

plasinasphere af ter  substorin dep letion .

7
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Evans (1975) has reviewed recen t work on F region dynamics. While the bottom

side of the P
1 
layer is chemically controlled, diffusion of ionization becomes

increasingly important abov e about 200 kin . In the absence of other transpor t

effects hydrostatic equilibrium is established by about 400 kin. The plasma

diffusion velocity depends upon the ion neutral collision frequency and temp—

erature and pressure gradients of all the ions in the plasma. Early static

models (Johnson, 1960; Mange, 1960; Kockarts and Nicolet , 1963 ; Bauer , 1966

and others) were extended by Walker <1967), and Schunk and Walker (1969) to

include thermal diffusion effects. Schunk and Walker presented diffusive

equilibrium density profiles calculated for a mixture comprising two major ions,

electrons and a number of minor ions. Thermal diffusion was shown to have an

important influence on charged particle distributions at altitudes above the

- : P region peak when electron and ion temperature gradients are greater than 1°K/kzn .

For ion and electron temperatures which increase with altitude thermal diffusion

acts to drive heavy ions towards higher altitudes, i.e., towards hotter regions.

Thermal diff usion also enhances the ord inary diffusion coefficient. Schunk and

Walker (197 0a ,b) extended the work to the diffusion of minor ions in the presence

of major ion fluxes, and Schunk and Walker (1973) developed a diurnal model of

the E and P regions incorporating these processes .

Models with Neutral Winds

Kohl et al . (1968) , Rishbeth (1967 , 1968) , Stubbe (1968 , 1970) , Bailey et a]..

(1969) , Abur Robb (1969) , Sterling et al. (1969), Strobel and McElroy (1970),

Jones (1974) and Roble (1975) and others have developed models which include the

effec ts of winds on the F
2 
layer. The winds serve to drive the F region ioni—

zation along the field lines. As such the process is important for ionosphere—

p lasmasphere coupling. The ionization is blown downwards during the day and

upwards at night. The subject has been reviewed by Rishbeth (1972, 1974) and

Evans (1975). 

8 
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Wind s not only affect  the ionosphere , but are affected in turn by ion drag

caused by ionospheric plasma which is bound to the field lines at F region altitudes.

Therefore several of the above mentioned papers have simultaneously solved the

coupled ion and neutral air equations. Stubbe (1970), for examplc , solved the

t ime—dependent coup led continuity and momentum equations , and electron and ion

energy equations for a mixture comprising four ions (NO
+
, O2~~ 

0+ and R+). The

photoelectron heating rate was estimated from the ionization rate by using a

heating efficiency.

The most comprehensive model developed to date is that of Roble (1975).

In Roble ’s model the primary and secondary photoelectron fluxes , ion production

rates and heating rates are computed from the EUV flux and a model atmosphere.

Five ion continuity and momentum equations are solved including a flux from the

magnetosphere , neutral winds and electric fields. The electron and ion energy

equations are also solved using heating rates determined from chemical reactions,

photoelectron collisions, and a heat flux from the magnetosphere. The component

of the neutral wind along the geomagnetic field is determined from a separate

dynamic model of the neutral atmosphere using incoherent scatter radar measurements.

Boundary conditions were determined from the incoherent scatter radar measurements

of T T and 0~ flux at 800 lan over Millstone Hill.
• e’ I
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Elec tric Field s

Dynamo electric fields at low to midlatitudes during magnetically quiet

periods are less important than neutral wind s in controlling the behavior of

the F region (c.f., Evans , 1975; Behnke and Kohl , 1974).  However , fields of

magnetospheric origin during substornis can be significant. Park and Banks (1974)

modelled the effect of substorin electric fields which penetrate the plasmasphere.

Observations show tha t a decrease in the layer height at night is often

accompanied by an initial increase in NmaxF2• Park and Banks (1974) show that

a downward flow of plasma from the magnetosphere into the F region due to

convectional compression of field - tubes basically accounts for the phenomenon.

Thus electric field effects must be incorporated in any realistic study of

field tube filling.

lonosphere-Protonosphere Coupling

Protonospher e ionosphere coupling has been studied mainly from two comple—

mentary viewpoints, namely

1) as a source of ionization in the nocturnal F region.

2) as a source and sink of plasma for the protonosphere.

Several obvious discrepancies in the expected signature of the ionosphere

on the plasmasphere lead to studies of proton filling rates in the plasmasphere

due to outflow from the ionosphere (Banks at ~~~~~~~ 1971) . For example , the

plasma density decreases on the equatorvard side of the light ion trough at

L values of 2, whereas the plasmapause lies between L 4 to 6. From the

protonospheric point of view proton escape serves to replenish field tubes that

have lost their ionization. The protonosphere from the ionospheric viewpoint

therefore is a reservoir of ionization which is filled during the day, and

which can act as a source of ionization for the F region at night.

10
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Early theoretical studies predicted significant fluxes of 0
+ 

ions into

the F region via the charge exchange process of H
+ 
with 0 (Hanson and Patterson,

1964 ; Ceisler and Bowhill , 1965; Geisler , 1967). These predictions were soon

confirmed by experimental results (Vasseur and Waldteuf ci, 1968; Evans, 1969,

l97 1a ,b; Evans et al., 1970; Behnke, 1970; Hagen, 1972). Subsequent theoretical

work took account of the relative flow between interacting species and confirmed

the importance of the protonosphere as a source of ionospher ic plasma (Banks

., 1971; Schunk and Walker, 1972; Nagy and Banks, 1972; Schunk and Walker ,

1973; Moffett and Mur~phy , 1973; Massa et a].., 1974; Murphy ~~~~l., 1976). These

studies have shed considerable light on filling processes. However, the results

are all based on single hemisphere models. In some cases boundary altitudes

— 
lay between one to a few thousand Ian.

The work of Park and Banks (1974) and Murphy et 
~~ 

(1976) produced several

major new results. The former studied the effects of plasma flow into the ionosphere

under the influence of neutral winds and an east—west electric field. The

latter studied field tube filling after substorm depletion and the subsequent

effects on the plasmasphere and ionosphere. Park and Banks (1974) divided the

tube extending from the ionosphere to the equator into three regions with

• specialized formulations for each region. Each region was then coupled to the

adjacent region by flux or density boundary conditions. As a result the effect

of the total tube content on the ionosphere could be studied under different

circumstances. It was found that under steady state conditions plasma flow

from the plasmasphere into the ionosphere has a strong stabilizing effect upon

the F
2 

layer peak density, such that for wide ranges of applied east-west

electric fields or north—south therinospheric winds there is essentially no

change in N
~
F2. It was also found that N~

F2 depends sensitively on the plasma

density of the plasmasphere. In the time dependent case NmF2 may increase

significantly due to field tube convection altering the volume of the tube and

11
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squeezing plasma down into the ionosphere. For a midlatitude tube the time

needed to achieve a steady state N F is muc h less than the time needed to reducem 2
the tube content appreciably . With a neu tral wind such convection -does not occur

in the t ime dependent case and N F 2 r emains effectively unchanged . Park and Banks

(1974) point out that this stability of the F2 layer canno t be achieved without

coupled models of the F region and plasinasphere. Therefore all models which

rely upon diff usive equilibrium for 0+ in the topside ionosphere will be in

error. Since N P2 depends strongly on tube content and since magnetospheric

substorms continually agitate the plasma density in the inidlatitude plasmasphere,

a wide range in N F can result. -i n 2

Murphy et al. (1976) studied the e f fec t s  of post substorm filling at equinox

and solstice for sunspot minimum conditions. They solv ed the continuity and

momentum equations for 0+ and H+ from 160 to 1400 lan and 160 km to the equator

respectively. Diffusive equilibrium was assumed for 0+ above 1400 km.

Their results showed a steady build up in tube content for several days after

the substorin , and suggested that equilibrium conditions may seldom be realized

because of the frequency of occurrence of substorms. Daytime values of the

flux were not affected by the tube content. Nighttime values were found to

depend on layer height (N
~
h2) and N

~
F2. The 0+ flux was always large for larger

tube content. Tube content continues to increase until the downward H flux

balances the upward flux over a diurnal cycle. Prior to this N
m
F2 increases

on a night to night basis. The downward Ii~ flux depend s primarily on

1) Plasma tempera ture

2) total plasma con ten t of the tube

3) Phase of the neutral wind.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~ •~~~~~~~~~~~ _ •  ~•ii
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Nigh t t ime  downward f luxes were found to have the same stabilizing effec t repor ted

by Park and Banks (1974) . The e f f e c t  of upward daytime fluxes is about a

15% reduction of the F region peak density .

Bailey et al. (1978) repeated the calculations for sunspot maximum condit ions.

They found that  H4 is supplied to the protonosphere dur ing both day and night

and results in a net loss of neutral atomic hydrogen . The daily average f lux is

-7 . 5  x l0~ cm~ s 1 .

4 A special study of interest reported by Bailey et al. (1977) using the one

hemisphere model was the theoretical confirmation of counterstreaming of 0+ and

H4 ions observed by Vickery et al . (1976) at twil ight from Arecibo . This top ic

is discussed fur ther for a more general case in the section reporting results

obtained with the current model.

Murphy et al. (1976) also assessed the sensi t ivi ty of the results to

temperature changes . An increase in the gradient  of Te along the field line

shortens the filling time. In each of the analysis discussed earlier the electron

and ion temperatures were obtained semi—empirically , rather than calculated on the

basis of electron densities, etc., as part of the model. The models were

essentially exploratory in nature employing many simplifying assumptions and as

such served the useful purpose of identifying the main features of the coupled

ionosphere—plasmasphere system . The next level of development was the inclusion

of interhemispheric flow into the models, and the addition of the electron and

ion energy equations .

Interhexnispheric Plow of Plasma

Relatively few theoretical studies have treated the interhemispheric flow

of plasma , despite the fact that the phenomenon may be important. Some obvious

questions tha t required answers included :

1) Can the direct flow of plasma from one hemisphere to the other affect the

conj ugate protonosphere and ionosphere. For e~camp 1e , can interhemispheric

flow enhance the winter anomaly?
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2) Can the redistribution of plasma change upward and downward flow rates?

3) Is there a net transfer of plasma when one hemisphere is illuminated and

the other in darkness?

Rothwell (1963), Hanson (1964) and Kohl (1966) discussed interhemispheric

flow in connection with the F2 layer winter 
anomaly . Nagy et al. (1968) stud ied

interhemispheric flow as a source of heat for the local topside ionosphere.

Recent models which included interheinispheric flow have been developed by

Mayr (1972) , Kutimskaya et a].. (1973), Bailey et al. (1978). Murphy and Moffett

(1978) use a single hemisphere model but assess the effects of interhemispheric

flow . The following main results emerge from these stud ies.

Mayr et al .  (1972) solved the steady state continuity and momentum equations

and energy equations for 0~ , H
+
, He

+ and electrons. The main emphasis of their

work was on F region dynamical e f f e c t s .  For example , they found that a wind

field assymetric with respect to the equatorial plane , gives rise to assymetric

density profiles. Interhemispheric flow decreased the protonospheric density

F 
by a factor of 2 in one hemisphere raising the 0

4
—H
4 transition height by 90 lan

while increasing the proton density in the other hemisphere. The 0
+ 

and H+

scale heights changed significantly as did the H
4 

flux. A comprehensive study

of the latitud inal electron temperature variation showed that model results

at 1000 lan were in agreement with the measurements of Brace ~~ a].. (1967).

A time dependent calculation was also attempted by a perturbation method .

The results ind icated that diurnal plasma exchange between the protonosphere and

F2 reg ion is s ignif icant .  As mentioned earlier , these worker s did not f ully

exploit the potential of their model.

Bailey et al. (1978) extended their earlier model to two hemispheres.

Despite the fact tha t the energy equations were not solved , several interesting

new r e su l t s  were obtained for  sunspot minimum conditions .

14
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1) For midlat i tud e f lux  tubes (L 3) the fn t e rhemispher i c  flow does not

directly affect N F
m 2

2) The total content of the plasmasphere is the factor of primary importance.

The protonosphere acts as a reservoir which is filled by flows from each

hemisphere. Thus , although conjugate ionospheres are decoupled via this

reservoir , the longer term filling process provides an important indirect

coupling mechanism .

3) Generally there is a significant interheinispheric flow of plasma. Sometimes

the flow is from the winter to the summer hemisphere .

4) Although the winter ionosphere is not affected by the direct interhemispheric

f l ow , in general the plasmasphere content tends to enhance winter  and reduce

summer densities.

5) The flow is upward in both hemispheres dur ing the day .

6) The flow is downward in the winter hemisphe re in the evening , but becomes

small or changes direction between midnight and dawn.

7) When the f lux at 1000 lan in one hemisphere is significantly larger than that

in the other hemisphere, there is a signature on the interhemispheric flux .

Murphy and M o f f e t t  (1978) recently extended their code to include both

the energy equations , and to include nonlinear acceleration term s in the

momentum equations . Despite comments to the contrary by Bailey et a].. (1978)

it was found tha t the solution of the temperature equations yielded unexpected

results regarding the e f f e c t s  of gradients on flows . The e f f e c t  of changes in

pressure gradients was approximately cancelled by changes in temperature

gradients. Thus the H
4 

downflow in a collapsing protonosphere at sunset is

not enhanced to the extent expected . Enhancements that do occur are due almost

entirely to the decreasing 0+ concentratIon . Contrary to the suggestions of

~~~ b~ (in .wd h.~i iL ,~ 1’ 172) n~ t’V idcnc~’ w~is ~bt~i I ned to suggest tha t supersonic

flows occur .
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Formulations and Solution of the Transport Equations

The basic equations which describe the t emporal and spatial behavior of

ra re f ied  gases are expressed in terms of their concentrations , bulk f low velocity

and temperature .  These quantit ies are included within the basic conservation

equations derived by taking velocity moments of various terms of Boltzmann ’s

equation . Schunk (1975 , 1977) points out tha t  the basic equations used in

modelling the ionosphere and protonosphere have not , in general, been applied

with a clear recognition of their intrinsic l imitations.  Attempts have been

mad e to study ionospheric—magnetospheric plasma exchange using the binary

formulat ions of Chapman and Cowling (1960) to obtain drift velocities for the

multicomponent 0, 0
+
, H
4 

gas mixture (Massa , 1974; Murphy ~~~~~~~~~~~~~ 1976).

Schunk and Walker (l970a) have investigated the accuracy of the binary formulation

and have shown that while it is quite accurate for the derivation of the ainbi—

polar di f f usion coef f ic ien t , d i f fus ion  coeff ic ients  for minor ions can be in

error by as much as a factor of 2.  The fac tor  of 2 arises from the fac t  tha t

the binary approximation is less accurate for Coulomb collisions than for ion—

neutral collisions. Since the major ions in the topside ionosphere go through

a transition from 0+ major in the F
2 
region to H

+ major in the protonosphere,

it is essential not only to describe the minor ion diffusion processes correctly,

but furthermore, to have a system of equations which accurately describes the

behavior of the gas mixture in the transition region . It is also desirable ,

in order for the calculation to be accurate , that thermal diffusion effects be

included accurately in our transport equations , as was shown by Schunk and

Walker ( 197Gb) .

Schunk and Walker ( 197Gb) used the mult icomponent  formulat ion of

Hi rschfelder  et al .  (1964) to derive t h e  c o n t i n u i ty  equat ions  for  a three—

constituent mixture comprising 0, 0
+ 

and electrons. Although this approach

yields diffusion coefficients which are accurate to within 20% (Schunk and

Walker , 1970b ) , as the number s of gases in the multicomponent mixture increases 
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it becomes Impossible to manipulate the equation without an unreasonable

amount of effor t , if the 20% accuracy Is to be retained .

An alternative approach to transport equations derived by Burgers (1969)

has recently been presented by Schunk (1975) for  applicat ions to aeronomic

studies. This system has many advantages over the systems previously used for

the formulation of the plasma exchange problem between the ionosphere and the

protonosphere.

Schunk ’s (1975) system of equations used Grad ’s ( 1949 , 1958) 13—moment

approximation for the distribution function of each of the species that con—

stitute the plasma . The basic advantages of Schunk’s formulation stem from

the fact that interactions between one species and any other species are

described by collision integrals that are evaluated to the same degree of

approximation as the distribution function themselves . The approach appears to

yield accuracies equivalent to the second order “multicomponent” formulation .

However , It has several advantages over the multicomponent formulation used

by Schunk and Walker (197Gb). There are two important advantages that we see

in Schunk’s (1975) formulation .

The first important feature although not really a new one , is that the

• equations can be handled directly numerically without having first to solve

for diffusion coefficients and other similar parameters. For example , in

Schunk’s (1975) 13—moment formulation , transpor t properties of the gas are

described by first order equations, namely continuity , momentum , energy ,

pressure tensor and heat flow. Thus the heat flow terms that appear in his

momentum collision term account for thermal diffusion effects, while the drift

velocity terms in the heat flow collision term account for thermoelectric and

dif fus ion—thermal  e f f e c t s .  Thus instead of solving in terms of a thermal

diffusion coefficient one can solve the coupled system of equations directly .
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A second feature of interest tha t stems from Schunk ’s (1975) system of

F equations is that any given constituent is allowed to have its own temperature

and drift. This enables us for the first time to study in detail the effects

of a temperature gradient in one species on the heat flow, or thermal diffusion

of another species with a different temperature gradient.

At present we have not Included all the features discussed above in the

present code, but have adopted the modified momentum equations of St. Maurice

and Schunk (1977) and energy equations of Schunk and Nagy (1978) as appropriate

for  our cu rr ent concepts of the quiet plasmasphere (Schunk and Watkins , 1979) .

Application of this system to the midlatitud e ionosphere and plasmasphere

permits several simplifying assumptions to be made which significantly reduce

the complexity of the equations.

+ +We consider a plasma comprised of only two major ions, 0 and H and

electrons in a neutral atmosphere of 0, 02, N2 
and H. We assume that species

temperature and flow velocity differences are small , a midlatitud e condition .

Thu s we can neglect stress and nonlinear acceleration term s , and use Burger ’s

(1969) linear collision terms (c.f., St. Maurice and Schunk (1977)). In addition

density and temperature gradients perpendicular to the geomagnetic field lines

are neglected , and we have assumed that ion and electron temperature distributions

ar e isotropi c , so tha t we can Ignore the stress tensor equation .

Even though many of the ind ividual terms in our equations arise directly

from Schunk’ s 13—moment system of equations , we have arrived finally at a basic

formulation involving only six equations. These are: the photoelectron two

stream equation , the electron energy equation , the ion energy equation , St. Maurice

and Schunk ’s velocity solution of the ion and electron momentum equations , and

finally the continuity equations. We might add that at low to intermediate

altitudes , where It Is appropriate , we have included ion neutral collitions with

the equations of St. Maurice and Schunk in order to solve for  the ind ividual

18 
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ion velocit ies separately .  These basic equations of our plasma fo rmula t ion

are given collectively in (1) — (6) in the section on Basic Equations.

The primary photoelectrons are treated via a two stream Liouville equation

(Banks and Nagy , 1970) which essentially follows their distribution through phase

space until they are thermalized . One hundred energy steps are used at each

spatial grid point separately for the upstreaming and downstreatning electron

populations. Such a detailed phase space treatment is necessary only for the

highly superthermal photoelectrons.

Currently neu tral winds can be input numerically, or the code could be

modified to includ e an analyLical I it to experimental or model wind values such

- - as those of Blum and Harris (1975). Provision has not yet been made for electric

field convection of tubes of flux. Despite significant advances over the last

decade , which were described earlier as well as in a number of reviews (Carpenter

and Park, 1973; Chappell , 1972; Banks , 1972; Banks et a].., l97f), the plasma

coupling mechanisms between the ionosphere and magnetosphere have not been

• studied using a realistic formulation which simultaneously accounts for varia—

tions in all the major controlling variables.

Another major shortcoming In previous studies has been the use of ad hoc

boundary conditions, which generally arise when only part of a field line is

modeled . Roble (1975) and Stubbe (1970) formulated their coupled parabolic

equations for 02
+
, NO4, 0~ and H

4 
in the F region and topside ionosphere , but

H4 has been trea ed as a minor ion in each of these cases, or the H+ density

is calculated by assuming chemical equilibrium with 0
+. Such formulations all

apply to altitudes below about 2000 lan, and require artificially designated or

measured upper boundary conditions .

Bauer (1968) and Massa (1974) attempted to extend this treatment for 0~ and

along the entire flux tube but this leads to serious numerical problems ,

which are discussed in the next section . We show In the nex t section that a
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satisfactory solution to the entir e field tube problem can be achieved by

linking appropriate  low and high altitud e formulations with continuity conditions

on f lux and density at  about 1500 km .

The searching method has also been used in attempts to treat the entire

flux tube by a single method . In the searching method ( M o f f e t t  and Murphy , 1973;

• Mayr et al., 1965; Murphy and Moffett , 1978; Bailey et al., 1977; Richards , 1978)

the flux or velocity from the continuity equation is substituted into the

collision terms of the momentum equation . The resulting integro—differenrial

equation is then integrated numerically down from the equator where flux and

• density boundary conditions are imposed . The equatorial boundary conditions are

readjusted and the integration performed repeatedly until low altitude chemical

boundary conditions are satisfied . The main disadvantages of this approach stem

from the fact that flux determinations from the continuity equation are inherently

inaccurate and unstable at low altitudes , and that the method does not produce

simultaneous solutions in both hemispheres. Therefore , convergency may be up to

an order of magnitude slower than that discussed in this paper .

The perturbation solution of Mayr et al. (1972) also treats the entire field

line as a single region . Mayr et a].. integrate numerically but with only a

gradually increasing fraction of the collisional terms in the momentum equations ,

along the entir e field line . The drag terms are always evaluated in the n ’th

approximation to obtain the n + 1st approximation . This method also suffers

from low altitude problems for the same reasons mentioned in connection with

searching methods. It is apparent that both of these methods are basically

high~altitude formulations and that neither should be used unless an accurate

lower boundary at , say , 1000 han can be supp lied by some other type of calculation

or by measurement.

Multiple region formulations somewha t similar to our own have been used

by Park and Banks (1974) and Murubashi and Grebowski (1976), who treated the

20



topsid e region abov e 3000 lan as a reservoir . The former treatmen t lacked low

a l t i t ude  d i f f us i o n (1974) , howev er , and the lat ter  ignored s igni f icant  term s

in the di f fus ive  equilibrium formulat ion at high a l t i tudes  (1976) . We surmount

these l imitat ions in our treatment by s imulating the flow and densi ty in an

en t i r e  f lux  tube spanning the mid la t i t ude  p lasmasphe re between magnetically

conjugate points in the F regions of the no r the rn  and southern ionospheres , as

- • shown in Figure 1. The solution encompasses several regions of differing dominant

physical processes , which in turn require  d i f f e r e n t  formulations and numerical

treatments. We use an optimal mathematical approach for each altitude regime,

and derive the appropriate and unique boundary condit ion s which link these regions.

• In order to produce a geophysically meaningful and consistent simulation ,

a number of parameters must be computed in the proper sequence as shown in Figure

2 which is an overall schematic of our simulation code. A line with an arrow in

the schematic indicates a parameter that is supplied by one program or group of

programs to another program or group of prog rams . Lines without  arrowheads

indicate continuity equations. Figure 2 shows how the ear th’ s rotating tilted

dipole , gravitational and magnetic f ield are calculated locally in the proper

sequence and neutral atmospheric parameters may be taken locally from a semi—

empirical, model. We selected the MSIS model a tmosphere by Hedln et al.  (l977a ,b)

because it reproduces the seasonal solar cyclic and diurnal variations of the

atmosphere as well as its response to geomagnetic disturbances .

2.3 Basic Equations

Photoelectron Liouville Equation

+ +

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
q + q

ds 2 < cos G> <cos8>

-B --~-- -~--~~~- T  ~~~+ T ~~~~+— ~— +  
q

d s B  2 1 2 < co s>  <cos B >
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where ~
‘(E ,s) — photoelectron f lux outward along s

~D (E ,s) = photoelectron f lux inward along s

q(E ,s) = photoelectron product ion rate  in the range E to E + de

due to d i rec t  ionization processes .
+

q = photoelectron production in the range E to E + de due to

cascading from higher energy photoelectrons undergoing

inelastic collisions .

<co sc~> = average cosine p i tch  ang le

B = magnetic f ield s t rength

T 
k k  T

1 k k e  e 2 k k a  e e

and

= kth species number density

k 
= photoelection backscatter probability for  elastic conditions

e 
thwith the k species.

0 k 
= photoelectron total scattering cross section for elastic

conditions with  the k th species.

C = inelastic cross section for excitation of the kth particle species .

Thermal Electron Energy

aT
~~ N k ~~~~ 

_ N
e k T e V U e

_
~~~

N e k U e V T ~~~~ V q~~ + Z Q ~~
_
~~~ L~

• 

. 

(3)

Ion energy

N . k —~~-~~~~ = — N . k V • U . — ~~
- N . k U V T . - V . q1 + ZQ 1 

— EL. ( 6 )

Ion Heat Flow

= ‘j2
~ (

~ 
A~ VT 1 

- ~~ - ‘A~ VT~ ) (5)

- 

- 
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Electron Heat Flow
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Ion Electron Momentum

F~] 
= — 

IN 0 1 [~i + —
~~~~) 1 ~1D1 0].

L2 J  ~~~~~~ N2j 
[ ~ + ~-~-~j~D2 Q

2

12 ( ‘7)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ion Cont inu i~ y~— 

~~~ = . [1] . (8)

where

N I N 1/N 2 = electron/0
4/H3 density

Te/Ti/T 2 = temperatures

U /1J1/U 2 = average drift velocities

q / q ~ electron/ion heat f lux

EQ/EL = sum of electron heating/cooling rates

and we have used the thermal conductivity coe f f i c i en t s  (X~~ A ) ,  the diffusion

coefficients (D
1
) and terms in the diffusive force, wh~,ch we symbolize by Q,,

from St. Maurice and Schunk (1977). The term E in the denominator of (S) is

given by St. Maurice and Schunk as

= V
1~ V~~~~ ‘~

“
~ 

- v~~
) (9)

where the ~~~~~ vij ’
~ 

v 1’ and v ’ a re their  “e f f e c t i v e  collision frequencies”

Also we may collect the d i f f u s iv e  force term s given by them in the form
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)

kT~, ~. 
N T

(10)

~~~~~~~~~~~~~ ( i VT 
_
~~~l V T ~)

4 +  *
where the upper/lower sign applies to 0 /H ; 

~ oj and o .~, are thermal

d i f fus ion  coef f ic ien ts  and D . is the ordinary ion di f fus ion coeff ic ient  of

species i, as in St. Maurice and Schunk . The matrix L in the continuity

equation contains all the chemical production and loss frequencies for both ions.

7 1~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
2.4 Numerical Simulation

Outline of Approach

Equat ions  (3) to (7) form a system of 8 first order differential equations.

• Equations (5) and (6) can be substituted into (4) and (3) respectively to form

two parabolic partial differential equations . Similarly equation (7) can be

substituted into (8) to yield 2 parabolic equations. Two boundary conditions

required for each parabolic equation and these are supp lied at the end of the field

tube. The boundary altitud e can be chosen to ensure tha t local equilibrium

conditions prevail. This approach has worked successfully for the solution of

the energy equations . In the case of the continuity equations , numerical

problems are encountered above some altitude which generally lies between 1000

and 3000 km depending on prevalent conditions . In this region the diffusive

force term , Qj~ 
given by (10) tend s to zero while the diffusion coefficient ,

becomes very large although the ion fluxes remain finite. The individual

term s of Q. do not become small at high altitudes. Therefore , Q. becomes the

small algebraic sum of several relatively larger terms . The fractional error

of Q . becomes large at high altitudes , and so does the fractional errors of

ion flux , which is a linear combination of Q. terms when calculated from the

momentum equations . The fact that Q1 0 implies that diffusive equilibrium

H prevails. We therefore use equation (10) to compute the 0+ and H
+ 

densities

in the region where Q
1 

0.

We divide the plasma flux tube into three regions B , C, and B* shown in

Figure 1. In the low altitude regions B and 8* collisions are important and

• the full parabolic equations are used . These equations accurately reproduce

the plasma concentration and flow in this region . In region C , the plasma may

be termed collisionless and the diffusive equilibr ium approximation is used .

This procedure is effectively equivalent to using the shooting method in region

C. The approach eliminates the low altitud e problems which are peculiar to

the shooting method , as well as the hi~ li altitude problems which limi t the
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parabol ic  approach.  The solutions for  each region are coup led through a f l u x

preserving approach which is described in detail in subsequent sections.

Although the density profiles calculated in region C have the shape of

diffusive equilibrium profiles at any instant , they match the time variable

densit ies at boundaries 2 and 2* (see Figure 1). Therefore  non zero f luxes

are required to inflate or deflate the field tube in this region. On the

basis of this fact we avoid the use of the term “diffusive equilibrium 7’ and

adopt the terminology “dynamic equilibrium” instead .

If we consider regions B and 8* as separate regions whose ion densities

are described by coup led parabolic second order equations , it is clear that one

boundary condition per variable is required at each of the respective upper

boundaries 2 and 2* , in order to obtain a unique mathematical solution. If

regions B and B* were adjacent it is clear that each would supply the boundary

for the other . With separated regions it is equally valid to choose two

independent equations per variable , each describing a relation between the

values of f luxes and densities at the boundaries 2 and 2* . We have chosen to

numerically integrate the equations of dynamic equilibrium (10), over region

C to provide one boundary relation per variable. This procedure provid es the

density at boundary 2* , as well as the total flux tube contents as a function

of the density at boundary 2. We then integrate the continuity equations for

H
4 

and 0+ over region C to obtain the second independent boundary relation

for each variable , this time relating the boundary fluxes at points 2 and 2*

to the time variation of the total flux tube content.

As the continuity equations and diffusive equilibrium equations are

physically valid as well as ind ependent , it is clear that the final solution

wi ll be geophysically meanin~fu1 as well as mathematicall y unique.
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Flow Chart Description

In Figure 2, the overall schematic of our simulation , each block represents

a routine or model provid ing necessary geophysical parameters or simulating

some aspect of p la sma t ranspor t , i . e . , routines were wr i t t en  to suppl y pa ram —

eters related to the magnetic field geometry, the neutral atmosphere , ion

production rates , heat sources and so on.

As a first initialization step , the geophysical parameters defining the

problem such as UT date and time , L shell, magnetic longitude , and solar and

magnetic activity indices are inpu t via terminal command , or equivalen t batch

input. Then the geometry and fields routines calculate an appropriate spatial

grid along the specified field line of the earth ’s rotating tilted dipole , and

at each point compute the magnetic and gravitational fields and the solar

zenith angle. The grid is constant step size in a modified dipole coordinate

- 
- system which results in much smaller actual spatial steps at low altitudes

where scale heights are smaller . A variable step size flux preserving code is

used with the spatial steps to solve the density equation s while a standard

equal step finite difference code is used with the modified dipole coord inates

to solve the temperature equations . Next , the initial profiles of ion density,

Ni, ion temperature T. and electron temperature T0 , are inpu t from stored

data and interpolated if necessary to match the gr id point s for  the problem

at hand . This is the last in i t ia l izat ion step.  The steps of the simulation

described hereunder must be repeated w i t h  each t ime s tep .

The first repeated step is to obtain the neutra l temperature and densities

from the MSIS model at each spatial grid point for the particular time of the

step being simulated . The primary photo—electron production in 100 energy

intervals is calculated using neutral densities from ~1SIS , solar fluxes or

Hinteregger (1978) and photoionization cross sections listed by Ki rb y  Docken

et al. (1979). The degradation of the primarY photo€lectron spectrum is
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then computed using the 2—stream equations of Banks and Nagy (1970). The

tempe r a t u r e  and density prof i les  of the thermal ions and electrons are taken

from the previous time step except tha t in i tia l  prof i les  are used for  the f i r s t

time s tep.  The 2—stream equations supp ly the thermal ion and electron heating

rates required by the thermal energy equations .

The thermal energy equations form a coup led parabolic system. Solution

• of these equations by an iterative technique yield s the ion and electron

temperatures at the end of each time step . The ion momentum and continuity

equations,enclosed within a larger dashed block in Figure 2, are solved

simultaneously by an iterative procedure and intereact as a unit with the other

elements of the code. Referring to Figure 2 we see tha t they require the

previously calculated ion and electron tempera tures  and pr odu ce , in their turn ,

the ion densi ty ,  velocity and flux prof i les  used by the energy and 2— stream

equations of the next time step .

The Minimization Function of the Density Equations

A Newton iteration similar to that described by Hastings and Roble (1977)

is used to solve the f i n i t e  d i f f e r e n c e  equat ions .  An impor t an t  consideration

is the choice of the function F to be~minimized . As wil l  become evident from

the discussion that follows the most suitable choice for F is an integral form

of the coupled parabolic density equations . The in tegra t ion  is carried out

between limits located midway between grid points , e.g.. if the function at

the kth point is denoted by Fk, the integration is carried out between points

k— 1/2 and k+l/2, i.e.,
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Between grid points in regions B or B* densities are interpolated linearly in

evaluating (12) . This approach lend s itself na tura l l y to t he use of in tegra t ion

steps of arbi t rary size with automatic conservat ion of tota l ion count. The

approach may be termed a “f lux preserving method” . It Is th e choice of this

approach which renders the linking of the second and first - order equations a

simple procedure . The use of an integral form of the continuity equation there-

fore simplifies the inclusion of region C in an iterative solution scheme .

In this case we integrate from boundary 2 to boundary 2*, across the entire region

C.

1 1~ ( 2*) (2)
F = - A l (2*) - 

1 A l (~(8(2*) L ’
~2 B(2) L~~2

2* 
(13)

2~ 

— L 
~~~~~~~~ 

— -

~~~~~ ~~~~~~~~~~~~~~~~~~~ 

B( S)

where the densities at the many grid points between boundaries 2 and 2* are no

longer Interpolated , but rather calculated from the densi t ies  at  point 2 via

numerical integration of physically realistic equations of diffusive equilibrium .

This may be expressed in functional form as
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N . (k)  = C . (N 1( 2 ) ,  N 2 (2) , k) (14 )

at some point k of region C. The f luxes used in the c o n t i n u i t y  equation of

region C are calculated via the fu l l  momentum equations which are still val id

at the boundaries 2 and 2* .

The Fini te  Di f fe rence  Scheme

We use t he following scheme to evaluate the time average of the parameter

f , and i ts spatia l derivat ive at  a point midway between grid points k and

k+1 during the tim e interval t~~ to t~~~ 1
.

Of 
(i—O f) of 
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~
O
f
)
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— 
~~
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k,

t
i~~

fk + 1 / 2  Sk + l
_ S

k k + l ~~~~k (16)

The par ameter O pr ovides t he option to select the finite difference scheme, with

8 = 1/2 for  Crank—Nicholson and 0 = 1 for  Laasonen d i f f e r enc ing f or example.

Referr ing  to Figure 3 , we see that  the computation of eq. (12),  total ly

within one of the regions B or B* is based upon the ion densit ies at three

adjacen t grid points , each one of which receives an ind ependent correction in

the i terative solution . A polyn omial in terpolat ion is used to interpolate the

densities between 3 consecutive grid points . The computation of equation (13)

on the other hand involves a number of dependent densities at intervening points

as well as the densities at points 2B , 2A and 2B* . The boundary f luxes ~ (2)

and f ( 2 *)  are each calculated from the dens i t ies  at the adjacent  point pairs

(2B , 2A) and ( 2A* , 2B*) , respectively . I t  is to be not iced  however tha t the

ion densities at point 2A* are not independent , but comp uted via the equations

of d i f f u s i v e  equil ibrium from the dens i t i es  at  point  2A . The integral  terms

also involve dependent ion dens i t ies  at  a l l  the grid points between 2A and 2B*.
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In summary, even though equation (13) involves all the grid points of

region C , only the densities at the points 2B , 2A and 2B* receive independen t

corrections during the iterative solution procedure. In principal the entire

region C acts as a single “heavy point”, keyed to the density at 2A , in the

Newton Raphson solution of the density equations.

The use of an integrated continuity equations makes the adoption of a

variable step size practicall y automatic as mentioned above. Shor t steps

(3—4 kin) must be used near the lower boundaries , while steps of several hundred

km may be used in the plasmasphere , and the entire region C serves as a single

long step in the middle .

The iterative solution to the temperature equations is obtained differently

than that for the continuity and momentum equations discussed above. l’~hen

the ion and electron heat flow equations (5) and (6) are substituted into the

ion and electron energy equations (3) and (4), the latter become parabolic

equations in the temperature. For these equations we have expressed the

spatial step In terms of the modified dipole coordinates which were used to

determine the grid points along the field line. In terms of the dipole

coordinates , the step size is actually a constant , and the equations of

temperature are expressed in the standard finite difference form and then

solved by a Newton iteration in which all the grid points of region C re1eive

independent corrections.

2.5 Control Options

In order to adapt the code to the simulation of a variety of geophysical

conditions , locations and analysis procedures it is desirable to be able to

adjust a number of model parameters and options with each run. The control

O2tiofls of this code fall naturally into the three categories of geophysical

activity , geometry , and numerical analysis as outlined in Table 1. The
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planetary index A , the 10.7 cm solar flux and the daily average 10.7 cm flux

serve to define the state of solar and geophysical activity. They are used

internally to make appropriate adjustments in the MSIS neutral atmosphere

model (see Figure 2).

Referring again to Figure 1, the geometrical definition parameters include

the L shell and magnetic longitude , which determine the location of the chosen

magnetic flux tube relative to the earth. The U.T. date and time and the

ephemeris transit , then precisely determine the rotation of the earth and flux

tube about the geographic axis. Finally with the declination , we fully

determine the position and or ientat ion of the magnetic f lux  tube relat ive to

both the earth and the sun .

The first two numerical analysis parameters required are the boundary

• altitudes Z(l) and Z(2), which define the regions to which we must apply our

high and low altitude formulations. The number of grid points and the point

0 distribution parameter suffice to determine the position of individual points

along the f lux tube. They may be concentrated at low a l t i tudes  in a smoothl y

varying fashion or spread out more evenly as desired . We have been able to

simulate an L=2 flux tube with only 250 points. A sequence of variable size

time steps must also be defined for the simulation . With time and spatial

steps now comp lete ly de f i n ed the cod e in terna lly calculates all of the ambient

parameters of the environment which are needed at  each time and point of the 
0

p lasma simulation . Referr ing to Figure 2 we see tha t all the geometrical 0

and field quantities may be calculated , the neutral atmospheric densities and

temperature and the pr imary photoelectron product ion , with  the input of the

above control parameters .  0
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TABLE 1

Control Options and Parameters

-• Input Parameters

Geophysical Activity Output Parameters

A Various print options are available :

- F 10.7 half or all of the profile print at

F 10.7 every ~th grid point

Geometrical Definition Parameters

-
~ L Shell

Magnetic Longitude

: 1 UT Date

UT Time

Ephemeris transit

Declination

Numerical Analysis Parameters

Z(1’~ Boundary Altitude

Z(2) Boundary Altitud e

Number of spatial grid points

Point distribution parameter

Sequence of time steps

Implicit fraction in finite differencing

. Time dependent simulation option —

Steady state simulation option

If 

——— ~~~~—•• — - — —  ~~~—•——--— - — - ————~~~~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~

--

~~~~

-—-

The code may be run with Crank—Nicholson , implicit or any type of

intermediate f i n i t e  differencing scheme under the control of the implicit

f ract ion parameter . Thu s if O~ is input , N . would be approximated as O f
N .

( t  + ~~t) + (1 — Of
) N~ (t) and so on. Either fully time dependent or steady

state simulation may be selected via another parameter which artificially nulls

the explicit time derivative term in the ion continuity equation .

Finally, we have several outpu t options . The basic outpu t s  are the ion
0 

densities and velocities and the ion and electron temperatures at the grid

points. Print options include printing half or all the profile at selected

grid points , e.g., every third point . Optional outputs includ e individual

terms in the ion continuity and momentum equations , which have proved very

useful in analyzing the causes of simulated ion flows and densities. These

printouts may be for any specified point count range or the entire field line.

2.6 Typical Results

We first discuss the tests we performed to demonstrate that the simulation

converges to a stable steady state solution . We then analyze the steady state

ion fluxes, and finally we present simulations of the collapse of the sunset

ionosphere. This work has been reported by Young et al. (1979a) .

For the stability test , the rota t ion of the earth and the time evolution

of all locally computed parameters were frozen at UT 17:33 Aug 10, and furthermore

set a r t i f i c ia l ly to N—S symmetry about the magnetic equator of an L 2 field

line at approximately 70 W longi tude.  Our temperature model for this test

featured T. = 4500°K, T = 5500°K at the magnetic equator and T = T = 500°K
1 e I e

at 120 km. To obtain a steady state solution the tim e derivative terms of —

equat ions  (12) and (13) were set equa l to zero and the simulation allowed to

i te r a t e  to convergence.
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• Using the stead y state solution as an i n i t i a l  condition we then allowed the

simulation to run in the time depend ent mode , but w i th  all the local ambient

parameters still frozen at UT 17:33. Using many 5 minute time steps we found

that the time dependent density profile simulation did not drift and displayed

an oscillation of less than one par t in a million abou t the steady state solution.

The profiles also proved to be symmetric to better than one par t in a million .

We feel that the results of these tests constitute a rigorous test of stability

and conservation of particles (Young et a l . ,  l979a) .

The steady state profiles show some interesting aspects of ion production

and f low which indicate that the cod e is reproducing expected geophysical

variations . The steady state flux profiles , deno ted Oh in Figure 4, show

down f low of both 0+ and below 500 Ion but counterstreaming above wi th  0+

moving upward s and downwards. The peak 0
+ downflux occurs very strongly

near the al t i tude of the 0+ density peak at  about 250 Ion as shown in Figure 5.

This can be attributed to the fact that the chemical loss rate , due to reaction

of 0+ with N
2 
and 02 increases with 

decreasing altitude more rapid ly than the

photoionization production rate as one approaches the 0
+ 
densIty peak from

above. The net result is that the 0
+ ions are actually flowing into their

region of most rapid production (see Young ., 197 9a) .

Above about 500 Ion, the calculated 0
+ flux is upward , as is typically seen

in daytime measurements (Evans and Holt , 1978) and the H+ is counterstreaming

downward . At altitudes above 550 kin , the counterstreaming }j+ and 0+ f lux  are

virtually equal in magnitude except for a small residual difference caused by

the small amount of photoproduction even at very high altitudes.

Photoproduction and reactions with molecular neutrals are very small above

550 kin. Under steady state conditions —~r = 0 as well , so with  symmetric

conditions , 4H+(S) + 
~~+ (

~
) = 0 by conservation of charge . In a separate  work

(Young et al., l979b) have shown tha t quite simply , counterstrcaming is required

by the continuity equations. The particu lar direction of the counterstreaming
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being determined by the relative densities of neutral H and neutral 0 at

higher and lower al t i tudes.  The counterstreaming of and 0+ is a fundamental

result for steady state  symmetric s imulat ions with closed magnetic flux tube

models which do not allow any cross field movement of ions.

Under time dependent simulations the condition is weakened to an equivalent

- 
0 statement about average fluxes (Young et al., l97 9b ) .

= — <~0~
(S)> (17)

And in non symmetric time dependen t cases the locally valid equation is further

weakened to a s tatement  concerning f lux  at  both ends of a bound ed portion of

a field line (Young et al., 1979b).

• (<+ H+(b) > — <4 11~~(a ) > )  = — (<~0~
(b)> — <~ 0~~(a)> ) (18)

where a and b are two separate points on the field line.

Although the counterstreatning of and 0+ is a fundamental result applying

to any model of a closed p lasmaspheric flux tube allowing field aligned transport

only , the ef fec t  has been widely overlooked in the l i terature because it is

masked f or the most part by diurnal variations . Time averaging would be needed

to deconvolve the counterstreaming under realist ic condit ions . Notable exceptions

in modeling (Bailey et a l . ,  1977) and measurements (Vickery,  1979) have encountered

counterstreaming only during short periods of real or simulated time in twilight

conditions when the common diurnal component of ion flow was on the point of

reversing itself . Careful  measurement of the amount by which (17) and (18)

do not hold true would be a measure of the total  amount of cross f ield ion

d i f fus ion  which will eventually be needed in a t r u l y  accurate model of the

plasmasphere (Young et al., l979b) .
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We have also simulated an ionospheric collapse , as might occur at Sunset.

For this purpose we allowed the electron heat ing  ra te  and the pho toproduction rate

to decay exponential l y a t  each point with a time constant of 20 minu te s .  The

resul ts  are shown in Figure 5 as curves annota ted  wi th  the time after the

initiation of collapse. Times of Oh, ib, 3h and lOh are shown for 0
+
, while

• only Oh and lOh are shown , fo r clar i ty of disp lay,  in the case of FI+ .

The coll apse of the topside 0+ density profile is the most profound sunset

effect , while the topside H
+ density profi Je only appears to settle slightly .

-
~ Both e f f e c t s  however are due to the same cause: the reduction of the topside

ion and electron temperatures .  in our t empera tu re  model , t he equator ia l  tem p-

eratures are both reduced to about 11000 a f t e r  10 hours from initial values

of T . = 4500°K and T 5500°K used for  the stead y s ta te .  The concomitant

reduction in topside scale heights causes the 0
+ 

density which had a shorter

scale height to begin with to decrease more rapidly.

It will be noticed that the reduction of densities is moderate at middle

altitudes and then again very pronounced near the lower boundary of our simu—

lation . Temperature effects have less influence at low altitudes. The more

dramatic decrease there is to be expected however , because the chemical destruction

rate is much greater than at the middle altitud es.

The counterstreaming reported for steady state conditions disappears , to

be r ep laced within about one hour by dowristreaming of both ions everywhere.

Even a f t e r  lOb however , there remains a residual pattern tha t looks as if the

steady state counterstreaming were superimposed upon a net downflux . It would

appear that the profiles are still in the process of adjusting to the reduced

temperatures. The reduced photoproduction can no longer support an upflux of —

0
+ 

at high altitudes in any case.
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+ +The H —O transition height is also lowered at night. Where it was 1150 Ian

under daytime steady state  condit ions it drops to only 650 kin after lOh. The

lower transition height is a combined effect resulting from the reduction of

both the neutral  and ion scale heights under the lower temperature post collapse

-
~ conditions. Note that the H+ density actually increases at around 800 kin . The

basic features agree wi th  Evans ’ and }lolts ’ (1978) geoph ysical observations

and demonstrate clearly that the code is working properly.

Temperature Results

The model has also been used to simulate experimental data from the S3—3

satellite, for orbit number 1035 (Rich et al ., 1978). A comparison between

- - the theoretical electron temperature and measurements is shown in Figure 6.

The most significant feature of the comparison is the good agreemen t between

the theoretical and experimental electron temperature gradients. Previous

measurements have indicated the existence of large temperature gradients in the

magnetosphere (Brace, 1970; Serbu and Maier , 1966). Such large gradients are

inconsistent with the classical thermal conductivity of Spitzer , which has been

used in our model , and which produces small gradients at high altitudes . Mayr

and Volland (1968) have shown that outside the plasmapause where densities are

very small, the thermal heat flow is greatly reduced . On the other hand , Mayr

~~~ ~~~. (1973) showed that within the plasmasphere the thermal conductivity is

only slightly changed from the classical theory. We have chosen to use the

Spitzer form of the thermal conductivity until further theoretical work produces 
0

- • a different result.

Although the theoretical temperatures in Figure 6 are within the error

bounds of the S3—3 results , such high temperatures were only obtained by including

an extra heat source in the protonosphere. For , even under the assumption that

all photoelectrons leaving the ionosphere lose their heat in the protonosphere ,
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the plasmaspheric electron temperature was 400°K lower than the data. The

need to include an extra heat source may be due to the calculated photoelectron

fluxes being too small. Comparison of theoretical and measured photoelectron

fluxes seem to indicate that the theoretical fluxes may be too low by a factor

of 2. However , the question is not yet resolved , and there is still a possi-

bility that an extra heat source , such as wave—particle interac tions may need

to be included .

A further indication that the classical theory is adequate , is that the

model not only r epr oduces high altitude temperatures , but low altitud e temp-

eratures compar e favorably with typical measurements. This can bee seen in

Figure 7 where the low altitude theoretical temperatures are plotted alongside

-4 1964 Millstone Hill data (Evans, 1967). Although the theoretical temperatures

are slighly higher than the experimental temperatures , they fall well within

the day to day range of variability indicated by the data.

The time—dependent capabilities of the program are illustrated in Figure

8. Starting with the conditions indicated by Figure 6, the heating rate was

reduced to simulate the decay of electron temperature at night. During the

day, temperature changes are small, but during the night the temperature decays

very rapidly at low altitudes and less rapidly at high altitudes where heat

conduction is important and local heat loss is small.

It can be seen from Figure 8, that although Te 
> T~ during the day , at

night T
i 

> Te 
after less than an hour , because electrons lose heat by conduction

0 faster than ions. (The curves in Figure 8 represent hourly intervals). Figure

• 8 also shows that the rate of decay of electron temperature decreases with time

as would be expected because of the high temperature dependence of the thermal

conductivity . The temperature results shown here are similar to those obtained

by Richards and Cole (1979) using the searching procedure. However , the above

results are more accurate because the solution of the equations is simultaneous,
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and because the whole field line has been simulated rather than assuming zero

heat flux at the equatorial plane.

Comparison of Model with AE Data

Figure 9 gives a comparison between p,~g 0
+ density data and that calculated

from the model. The data were taken from orbit 2758 of the AE—C satellite ,

near 12.77 hrs UT.

Agreement in the altitud e range 200-400 kin is good but above 400 kin

agreement is very poor . Comparison between satellite data and the model is

complicated by the latitudinal variation of the data . During this pass the

high altitude data was taken near L = 3.5 while the low altitude data was

taken near L — 1.5. The differences between data and theory could be due to

latitud inal gradients of density .

4 The electron and ion temperatures are compared in Figure 10. The agreement

in this case is much better than for the density . The disagreement between the

measured and theoretical ion temperatures below 450 km indicates that the MSIS

model neutral temperature may be too low for this particular day.

~~0
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2.7 Future Improvements to the Simulation

Our simulated density profiles show that our approximation of dynamic

equilibrium is satisfactory for  H+ and 0+ above the altitude where H+ becomes

the only major ion. Nevertheless there is an almost imperceptible discontinuity

in the density gradients at boundaries 2 and 2*, so we intend to include ion—ion

collisions at the very high altitudes at a later date. Two possible ways to do

this present themselves . One is to formulate 0+ density as a parabolic equation

at all altitudes (regions B, C and B*), but retain first order momentum and

continuity equations for H
+ at high altitudes (region C). Another way is to

upgrade the dynamic equilibr ium solutions iteratively by calculating each V .

from the continuity equation integrated between boundary 2 and 2*, and then

substitute it into the collision terms of the full momentum equation

~.(2) C~ 
- ~N . ds

-

~ V (S) = c~i{~ B( 2 )~~~~2 
[p~ — L~~N~ 

— —~~
-) 

~BTs~)J (19)

Q — [(V . — V .) + _.?~~ v .~ 
(20)

The velocity V~ in equation (21) would be calculated from the previous iteration .

Note that Q. will now be equal to some small correction number , rather than
identically equal to zero , as used in the dynamic equilibrium approximation .

The code will be used to study a number of geophys ical problems includ ing

diurnal variations under a number of geophysical conditions, effects of inter—

hemispher ic flows , inagrietospheric substorms and seasonal and solar cyclic varia-

tions upon profiles, flux tube content and filling processes. Future simu —

lations will be compared extensively with satellite and ground based measurements.

The electron and ion energy equations will be simulated simultaneously as well. j
Future runs should therefore shed considerable light upon diurnal variations ,

plasmaspheric heat sources , ion fluxes and the maintenance of the nighttime

ionosphere.

I. •l

- - -~~~~- —.— ——--- -- - - -~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _

0~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~~~~~~ -—-0— -~~~~~ -~~ 

-- -

- .  
-~~ • -  ~~~~~~~~~~~~~ 

— 
~~~~~~~

-- - - 
~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



-~ -

2.8 Conclusions

We have achieved the most comprehensive simulation to date of field aligned

plasma transport in the plasmasphere. The plasma simulation itself incorporates

the best aspects of two older methods in a unified mathematical model and uses

accurate geophysical parameters to produce an accurate and meaningful solution

to the geophysical plasma problem .

We have shown that we can link the solutions for an entire flux tube

connecting the ionosphere and protonosphere even though it passes through sever al

regions that require different sets of differential equations to approximate

conditions in different regimes. We have derived the continuity relations

across the boundary regions between different approximations , necessary for

this type of approach, which must replace artificially specified boundary

conditions used in previous work. We have shown that a high altitud e counter—

streaming of H+ and 0+ must and does result under steady state conditions.
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F i c u ~ e C a p t i o n s

F igu re  1. Reg ions  and Bound .~r i e s .

A , A* Regions of local chemistry

B , B* Ion diffusion regions where parabolic density

equations can be formulated

0 C Dynamic equilibrium region

1, 1*, 2, 2* Boundaries between adjacent regions:at 1 and 1*

densities are continuous~ while at 2 and 2* both

density and flux are continuous

Figure 2 Overall Schematic.

The symbols on the diagram are

• T = electron temperature

T. = ion temperature

T = neutral temperature

N . = ion density
1

N = n e u t r a l  densi ty
n

= electron flux

ion f lu .x

Ion Con Ion continuity equations

Ion Mom = Ion momentum equations

The high altitud e reg ime is denoted “Dynamic Equilibrium ” while

the low attitude regime is denoted parabolic EQ.
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Figure 3. Schematic of spatial grid .

It is to be noticed the boundaries 2 and 2* are each straddled by the

pairs of points (2A, 2B) and (2A*, 2B*) respectively , from which the

boundary fluxes are calculated . The boundaries 1 and 1* on the other

hand fall exactly upon the first and last point. The densities at

these points are calculated via local photochemical equilibrium .

Both densities at each of 3 points are needed to calculate each finite

difference equation used in the Newton Raphson Iterative solution .

The three points are adjacent for equation 12 but not for equation 13.

The three points needed to calculate equation 13 are 2B, 2A and 2B*.

Figure 4. Simulated Ion Fluxes.

+ +Both H and 0 fluxes are shown , Oh denoting steady state collisions,

0 

and l0h the ion f luxes lOb after a simulated ionospheric collapse.

For steady state conditions , denoted Oh in the figure, the H
+ 

flux is

d ownward everywhere while the 0+ flux is divid ed into a downward

regime below 500 Ion and an upward regime above. It is apparent that

above about 600 kin , where 0
+ + H H+ + 0 are the only chemical

reactions the two fluxes are virtually equal and opposite. Another

striking feature , comparing with Figure 4 is that the maximum 0+ f l ux

occurs right at the maximum in the 0
+ density profile .

Ten hours after the collapse , de .oted loh , both fluxes are everywhere

downward . The 0~ downflux is higher than prev iously at high altitudes , 
0

but lower below 350 km because of a decrease in ion density.

Figure 5. Simulated Ion Densities.

For H+, curves for steady state conditioi~s and ten hours after the

collapse denoted Oh and lOb respectively, are shown. For 0
+ 

the curves

denoted Oh , lh , 3h and lOh denote steady state and then one , three and

ten hours after the simulated Ionospheric collapse.
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Figure 6. The results of a theoretica l simulation of the S3—3 satellite measure—

ments for orbit #1035. The theoretical results have been obtained

through a steady state solution of the energy equations . An extra

heat source was needed to obtain comparable temperatures.

Figure 7. Comparison of theoretical results with the data of Evans (1967) at

low altitudes. The lower temperatures of the data indicates that the

plasinaspherlc temperature was lower in 1964 than that measured by

-: S3—3 in 1976.

Figure 8. Ion and electron temperature decay, starting with the conditions of

Figure 1 and switching off the heating source. The curves are given

at hourly intervals.

Figure 9. Comparison between model and AE—C 0
+ 
densities for AE—C orbit number

2758.

Figure 10. Comparison between model and AE—C ion and electron temperatures for

AE—C orbjt number 2758.
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3. SUMMARY Ui  CONTRACT OBJECTIVES

This -~tud y falls under the general category of “Plasma exchange between

the ionosphere and magne tosp her e”. We have con tracted to carry out the following

work.

a) Solve general transport equations for the F region and topside iono—

sj±ht~r.~~ Solutions will subsequently be compared with those derived from con—

vcntional measurements includ ing results from plasma measurements made by Injun

-~~ V . IS is—I and AF S3—2 and S3—3 satellites. The sensitivity of these solutions

to varying geophysical cond itions will be assessed by appropriate variation of

parameters and where practical analy tical expressions will be deriv ed for

parameters including dr if t velocity ,  and thermal diffusion in a multicomponent

plasma .

b) Compare solution of the transport equations for 0~~ H
+ 

and electrons

• with data obtained from the Arecibo Observatory sounder. These computations

will be made for days when a full diurnal cycle of operation at Arecibo and

simultaneous neutral densities from Atmosphere Explorer satellites are avail-

able.

c) Extend studies to include effects of thermal diffusion and thermo—

electric effec ts. Electron and ion temperature will be computed along magnetic

field lines extending into the conjugate region , and the results applied to

study of downward flux of plasma in nighttime F region , filling of depleted

field tuhcs after magnetic storms , and the discrepancy noted by Massa between

calciiIri ted and observed iI~ densities for Millstone Hill incoherent scatter

facility . The low altitude effect of neutral winds on these processes will

be studied .

- d) Give examples of the computer codes employed in the work described

in paragraphs 2.0 a, b, and c of this report.
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3.2 CUNNULATIVE CHRONOLOGICAL NARRATIVE

I)uring the first quarter , Drs. J. P. St. Maurice and R. W . Schunk derived

a set of two ion diffusion and heaL flow equations for application to the

midlatitude topside ionosphere . In this approach the velocity distributions

are expanded about the drift velocity of each component. Several new transport

effects not evidenc t in the classical Chapman—En sog formulation were discovered

as a result of this new approach.

During the second quarter the diffusion and thermal conduction equations

Computer routines were developed for the inversion of both stepped band matrixes

and general sparse matrixes. The stepped band matrix inverter is used in the

current code. It was decided that chemical rate coefficients for reactions of

0+ wi th  neutrals  should be determined from AE satellite measurements rather

than lab data , because the conditions in the laboratory do not accurately

represent the vibrational and speed distributions in the ionosphere.

In the third quarter , a numerical predictor corrector method was pr oposed

and de rived to replace the Newton i terat ion technique. This technique was not

exp loited in subsequent quar ters , but could still prove valuable in future work.

In the fou.~th quarter , a number of programming and geophysical errors

were eliminated from the code.

During the fifth quarter , the ion diffusion equations of St. Maurice

and Schunk were reformulated slightly to include ion—neutral collisions.

This allowed their substitution in the continuity equations which then

became parabolic density equations. An innovative step was also taken by

formally integrating these equations before applying finite differencing

app roximations . This technique automatically allowed the use of a variable

spatial step size, and greatly facilitated the solution of the interhemispheric

Loup li n~4 problem .

62

- -- —--- -— --—---- -~~~~~~~~ -- - --- —~~~ --- —- - - — - --- ----~~~~--~~~~~---~~~ - - - - -- -



/ 

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—,---- -

~~
.- - • —  -, —----—, •—- ---- 

‘- —,

Additional numerical problems were overcome during the sixth quarter .

Ii was found tha t the determinant which arises in the solution of the simul—

taneous diffusion equations for 0+ and H+ is the small difference of several

large terms which nearl y cancel each othe r .  When two of the terms were

cancelled analytically and the order of addition of the remaining terms

optimized , the numerical accuracy and stability were greatly improved .

During the seventh quarter , the heat conduction and energy code became

- - 
operational.

A photoelectron 2—stream program of Nagy and Banks (1970) was adopted

to field line coordinates so that it could be extended beyond its original

limited altitude range. This provided electron heating rates. Also the

parabolic temperature equations were written as a va r iable step length function

of dipole coordinates which greatly facilitated the treatment of the great

• distances involved in an entire field line. Upon comparison of our simulated

results with the satellite measurements of Rich et al. (1978), it was found

necessary to postulate an additional heat source to br ing the simulated

plasmaspheric temperatures up to those of the measurements. This remains a

puzzle on lower L shells, but we are currently convinced tha t the results

are satisfactory for L = 3 and compare well with observations from Millstone

IIi .il .

During the eighth reporting period some remaining problems with high

a l t it u d e  conve rgence were solved by assuming a two ended diffusive equilibrium

p r of i l t above ab ouL 1500 km. The derivation of proper boundary relations

I ) & , LW e~~fl 2 low dLiLude regions of parabolic equations and the high altitude

region of diffusive equilibrium profiles is a crucial step which allowed the

Newton i t e ra t ion  to work properl y and simulate the density and momentum

equations for an entire field line. Dr. Young presented two talks as follows

on our new method and preliminary results.
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(I) “Interhemispherie coup ling of hy dr ogen and oxygen ions in the plasmasphere” ,

Talk at the 1978 Fall Convention of the American Geophysical Union , 4 Dec.

4 1978, San Francisco.

( 2 )  “Method and preliminary results of •i simulation of a coupled ionosphere

and plasmasphere”, Geophysics Seminar , University of Washington, 8 Dec.

1978 , Sea tt le , WA.

During the 9th reporting period additional geophysical simulations were

performed . A journal article was submitted to Journal of Computational Physics

detailing our innovative numerical methods of solving the continuity and momentum

equations and analyzing fluxes and density profiles both in the steady state

and under conditions simulating the post—sunset collapse of the ionosphere.

During the tenth and final reporting period the continuity , momentum ,

-
~ temperature and heat flow and photoelectron two—stream codes were finally

working in combined form on the CRAY—i. With this combined code, which is

described in the report on scientific work section of this report, we have

simulated up to lOh of geophysical time. A paper is being prepared for

J. Geophysical Research, but we are currently stalled because we have run

ou t of time on the CRAY—i. CRAY—i time is the only thing we need to finish

the JGR paper .
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11, 0: PL l B  ,DN :RSMN,OL
1 — —— C • ( R S M N )  .
2 — — —  C.... 1~ll S M A I N  PR U GR A M Rh AD S IN I T I A L  CI1NDI T IPNS AND S E T S  UP TH E

C.... C(1JRDIN& T€ SYSTEM AN~J N (JTRAL A TMUSP HER (,,NCIE 5(4500) FOR D~~OO
-‘ - - - — C —

( S= A R R A Y  USED IN THE MATRIX SOLVER : D,T=A RRA YS FOR TRANSFERRING
o - — — C N E U T RA L  DENSI TIES FROM SUBR AMBS TO MAI N  FYON A STORAGE ARRAY

C FOR ION PRODUCT iON, USED TO PREVENT ZERO JON DENS iTY AT NIGHT
C P R O D~ AR RAY FOR T RA N S F E R R I N G  DAT A B E T W E E N  SUER PEPR AND MAIN

5 — —— C N~~IO t~ DENSITY : T1 :IDN AND EL ECT R3N TEMPS :F :A PRAY STO R ING FIJ ’S
10 — — —  C DNDT = DN/ DT FOR P R E D 1 C T I J N  OF NEXT OEN~~h TY : U :VELUC ITY STORAGE
11 — — —  C BG =VA R It.B LE C O O R D I N A T E  FA CTJ R : BM :MA GN ETI C FIELD STRENGTH :
12 — — —  C GR :(,RAV ITY R~~G F3CENT R IC RADIUS TI! GRID PT : SL :AR C LENGTH

C I T E M S  IN CCMM ON /N D/ ARE N E U T R A L  D E N S I T I E S  AND TEMP ; PHION :ION
l~s — — — C PRODUCT iON RATE ; Z~~A LT ; JMA X :MAX NUMB ER OF GRiD P15 ; JMAX 1 :

C J M A X — 1  ;NSAVE ,T 1 S A V ~~STORAGE ARR A YS FOR P R EVIOUS DENSITY /TEMP
C F y =  ION FLUX STORE ; U~~=N E U TRA L W I ~~D V E L O C i T Y  ; EHT :ELECTRON

17 ——— C H E A T I N G  RA T E ; JIL AND JUL A R E LOW AND UP L 1K1T S FOR PRINTING
l o — —— C

IM PL I C I T  R E A L (N )
20 — — —  R E A L  Z,DT,DH, T H F ,€PS ,D, T,Z?J,SEC ,GLA T ,GL ,Cp ~j,AP ,DEC ,ETRAN
21 —— —  1 ,BLON ,F1O7 ,F1O7A. M &,TF ,FYDN ,SZA (300 )

2 2  — — —  i N T E G E R  N I D N , N EQ
23 — — —  D I M E N S IO N  5(4500) .0(7) ,T (2) .GL (300) ,FD(9) ,F Y U N (300 ) ,P R O D ( 3 ,300 )
24 ——— DIME N S iON N ( 4 , 3 3 0 ) , T I ( 3 , 3 0 0 ) , F ( 2 )  , G L A T ( 3 0 0 ) . P S E C ( 3 0 0 ) , D N D T ( 2 , 3 0 0 )
25 — — — COMMON/VN/U (2 .300) ,B&( 300),BM (300) ,GR(2 ,300),R (2,300),SL(300)
2~ 

— — —  C O MM U N /N D / L N ( 3 6 0 ), HN ( 3 0 C ) . N2 N( 3 00 ) , C 2N ( 3 30 ), P HI C N( 3 00 ) , T N ( 30 0 )

27 — — —  CCM MO P4 /ALT/ l(300) ,JMAX, JMAX 1, D T ,DH, THF, I TER,E PS,N I QN,TF ,1TF
? d  — —— COMMDN /SAV/NSAVE (2,300 ),TISAV (3,3001, FY (Z,300),UN (300),EHT (300)
2 Crl COMM CjN/L ?S/E PSN,O C, IMC O,hl,1 2 ,IP R IN,I PMX ,I PP ,ISKP
30 ——— COMMON /FON/JCN,JLL(5 ),JUL (5)
31 —— — C
32 ——— C ZUBDY :BDY ALT FOR DYN EQ U (TF, ITF- )= (1,1 ) FOR HORMAL RUN
33 - ——  I (3,3)FOR STEADY STA TE : ISW iS SWITCH FOR SYMMETRIC A M B I E N T S
3 •~, —— — C T M A X~ MAX S I M U L A T I O N  TIME (MINS) : DT :TIME STEP (SECS ) : JPR INT
35 — — —  C =S w I T C H  FOR PR iNTING A MB1 ENT S ANt) FIEL D DATA : V 0 : E C U A T O R I A L
36 — — —  C VELOCITY FOR EXB DR.I FT : UV ~~N E U T RA L  W I N D  A M P L I T U D E  : Z P R : M A X
~7 —— — C ALT FOR ION PROD ; JEM=MAX ~~j  OF ENERGY STEPS IN 2—STREAM
3E ——— C RE = ~~A DIU5 OF EA R TH : AM U :A TOM !C MASS : E K = B O L T Z M A N N  :EPSN,DC

C ARE USED IN M O D I F I E D  STEEPEST DESCENT IN LPS : (h1,1 2 )= (1.2 )
C FOR NOR MAL O P E R A T I O N  , (1,1) FOR TEMP SLINS ONLY (2,2) FOR DEN SITY

61 — — —  C SL T P JS ONLY : I P R I N = P R I N T  S W I T C H  iN LPS: IPMX :MA X NO OF PTS
— — — c P R I N T E D : iPP :i~ I N I E R V A L  F E T W E E N  p15 : Ti1F~~IMPL 1 (IT—EXPL ICI T

43 —— — C F R A C T I O N  : EPS :CONVE RGE N C E FRA(TION N IDN~~ OF I O N S  : SL (1)
44 — — — C ~~~~ LENOT rI IOA Y ~~YE$R +DAY : S E C : UT  : BLCN~~MAGN E T1C LONG ITUDE

C F 1 O 7 A , F 1 07 ,A P  A R E  S O L A R  
~. 

MAGNETIC A C T I V i T Y  INDICES : DEC :SCLAR
46 —— — C D E C L I N A T I O N  : E T R A ~~=EP~4 E M E R I 5  T R A N S I T
4 7 — — — C  
48 — — —  DATA ZUBDY,TF ,I T F ,I SW ,iTA u , TMAX , DT ,1LPS ,JPRIN T, IMOD
69 ——— > / 3300, 3, 3 , 3 , 0 , —1 , 300 , 1 , 22 , 1 /

DATA VO , UV , ZPR ,JEM , RE , AMU , BK
) / 0 , 0 , 900 ,

DATA E PSN ,DC ,JSPC, I1 ,12 ,IPR 1N, IPMX ,IPp ,THF ,~~P5,NION,SL (1)
> / .8 ,.5. 2 , 1, 2, 1 , 299 , 1 , I .1E— 3,2 , 0 /

54 ———  DATA IDAY , SEC ,8LDN,FIO 7A ,FJO7,A P , D E C ,E T~.AN,J5K P ,JDNOT
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0 6 / 2 7 / 7

‘.5 - - —  > / 74224, 388 0 0 ,—4 0 • 75 • 71 , 5, 18 .42 822 ,  300, 0/

56 ——— DAT A JUL/22,0,O,0,0/,JLL/O,0.O,0,0/
57 — — —  ( + - #+ +  IN P U T  D A T A  F R O M  F I L E  (1):: P ( Q= L 5H E LL ; L[~~~~L U W E R  B O Y A L T
58 C+ +

~~~~
4 S C A L= S C A LI N G  F A C T O R  FO R C O O R D I N A T E  S Y S T E M

59 — — —  ! F- ( IM O D . E0 .0 )  R E A DU )  JM A X ,P C O ,Z 0, S CA L , I L 1, A2 , A3 ,A4 ,A 5 , A 6 , A 7 , A B
60 — — —  ) , ( ( N ( l,J ) ,J 1 ,J M A X ), I 1 ,2 ) , (( Tl ( I ,J ) ,J 1 , J MA X ) , I 1.3),

61 — ——  ) ( ( O N OT ( I ,J ),J = l ,JM AX ) . I= 1 , 2 )

IF (IMLD.EQ .1) R EA D I 1 )  JMAX ,P (0,Z0,5CAL,ICA Y,S EC ,ETRAN ,F107
> ,FI Q7A ,AP ,PLDN,DEC
> , (( N (1 ,J ) ,J :1 ,JM A X ) ,1 1 , 2 ), ( (T I ( I, J ),J 1 ,JM AX ) ,i = 1 , 3) ,

) ((DNDT (I,J),J 1,JMAX ),1:],2)
66 — - —  J M A X 1 2 J M A X ~~i
67 - — —  NE0 :2~~JM A X — 4——— J2MAX :2 *JMA X—1
b9 — — —  IE QM 1= J M A X / 2

I F ( J P R I N T . C ~T . J M A X )  J P R I N T = J M A X
71 — — —  W R 1 T E ( 6 , 1 1 4 )
72  — - - -— 114
73 —— — > ~~ DE (e ,6X , CE  T R AN ~~~~, SX , ~~~~B LO N4 , 6X , 4 T M A X O ,6X ,4F 1 074 )

74 —~~~~— W RI T E ( b , 10 3)  ! Q AY , P C U , S ( A L, Z0 , Z U B DY  ,O € C ,E T RA N ,B LO N ,T M A X , F 1 0 7
75 — — —  

~~ R I TE (ô , 1 1 5)

76 — — —  115 FORMA T( /9X , ’JEM ~ ,7X ,cA P * ,7X.oZ P R ~~,7X.4UV* ,7x,*v0o ,7X,*FiO7A 4 )
77 —— — IflTE (b,103) JEM ,AP ,ZPR,UV ,VO ,F1O7A ,SAT ,N (2,1EO ), T l (3,150 )
78 C~~~~ T 1 M E  S T E P  : END N E A R  L INE  195
79 ——— DI! 221 JT I~~1,1OO

C—— ———El  — — —  W R I T r ( é , 1 1 7 )
— — —  1 1 7  F UR MA T ( /9 X , ci l T A U 4 ,7 X , 4D tQ , 7 X ,aO T I 4 , 7 X , 4U T~~~~ , 7 X , *5 Z AO , 7 X ,

>
84 ——— WR ITE(6,103 ) ITA U ,DT ,DTL,SE(,S ZA (JCHI ),SZtt (JCHIC ),SAT
es —— — W~~ITE (2) JMA X ,PC13 ,Z0,SCAL, IDAY ,SEC,ETRA N, F107 ,F1O7A,A P , B L O N

1 , D E C , ( ( N ( i  ,J) ,J 1 ,JMAX ),1 1,2) ,( (TI(I,J),J:1,..JMA X ) .1:1,3),
87 — — —  2 ((DNOT (l,J ),J=I,JMAX ),1 l,21

R E W I N D  2
89 ———  IF (ITAU— DT. &T. 60*TMAX) STOP
90 — — — C 
91 — — — C.... IF N O  E X B  O R 1 F T (V 0 = O )  D O N’T  R E C A L C U L A TE  F I E L D  P A R A M A T E R S . . . .

92 — —— IVO =0
l F ( V 0 . E Q . 0 )  I V O : O
I F ( J T I . E Q . 1 )  IV O 1

95 — — —  IF ( IV O .E 0 .0 )  ~~~
0 T O 1000

96 ——— R PT$ = (JMAX+ 1 )/2— I
97 - — — OH :1/ RP T S98 ——— C. . .  T H I S  LOO P D E T E R M I N E S  F I E L D  P A R A M E T E R S  AT BO TH FULL AND HALF

— - — C . ..  P O i N T S  ON O D D / E V E N IJ ; AND FOR BOTH H E M I S P H E R E S
I O U  — —— DO 950 IJ= 1 , J 2 M A X
101 - — —  CALL F 1EL D (IJ ,J 2MAX ,PC D ,R E, Z0 ,SCAL ,x ,FD )
L02 — — —  J=(I J+1 )/2

JU=JMA X + 1—J
10 4 — — —  IF (IJ .EQ.1 ) 5REF :FD (8)~~1.E5
105 — — — IF ((lJ/2 )~~2.E3 .IJ ) GO TO 975
106 —— ZIJ)rFD (1)
107 ——— 1F (7(J).LT.ZUBDY) JB:J
108 — —— IF (Z(J).LT.600) JCr4I= J
109 — —— &L (J):FD (4)
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10 — —  ~t M (J ) :F D ( b )

1 1 — — —  B G (J ) :F D ( 7)

12 ——— UN (J )=UVCF0 (3 )
& R ( 2, J)~~~~~~F D ( 5 )

14 — —— R(2,J):(RE,FD (1))~~1.E5
15 ——— IF (J.NE.1I SL (J I=S REF— F0(8 )o 1 .E 5
lo ——— 1F ( GL (J ) .E Q . 0)  G D  TO 1000

11  — — —  GL . (J U ) :— GL (J )

L (JU )=t (J )
19 — — —  D M ( J U ) = B M ( J )
20 —— — BG(JU )=BG (J )
21 —— — UN (JU) :_UN(J)
22 ——— &R (2,JJ)~~— GR (2,J)
23 — — —  P~(2 ,J U )~~R ( 2 , J )
24 — —— SL (JU):5REF+FD(b )~~1.E5
2 5 — — —  GO T U 950
26 — — — 975 C O N T I N U E
27 ——— GR (1,J+1 ):—F D (5)
?b — — —  R ( 1 ,J ) = (R E - . -F D (1 ) )~~~1 .E5

29 — — —  G R ( I , J J ) : — C - R ( 1 , J + 1 )
3 0 — — —  R ( 1 . J U — 1 ) = R ( 1 , J )
. 1  — — —  950 C O N T j N U E

-
~ 32 - -— 1000 C O N T I N U E

(++ + ++ +  C A L L  C M I N O R  IC GE T P 4 ( N U + )  AND N ( U 2 +)  ;; C A L L  AM B S TO GET N E U T R A L S
34 — — — 00 17 I = 1 , J M AX
35 — — —  I F ( J T I . EQ . 1 )  U ( 1 , I ) = 3
36 ——— IF (JT 1.~~Q .1) U (2,I)~~3
37 — — —  I F (J T I . EQ . 1 )  F Y (1 ,I ) =0 .

38 — — —  IF (JTI.EO .1) FY(2,I)=0.
39 ——— IF (IDNDT+JTI. E ~~.1 ) DNDT (1,I):3.O
40~~~~~ IF (IDNDT÷JTI .E ).1) DIDT (2,I)=D .O

‘+1 — —— C A L L  C M I N O R ( i , N , T I , E N T J P , E N O 2 P )
42 —— — tI(3 .I) :ENOP+ENO2P
43 —— — Z i J Z ( I )

• 44 —— — GLTM G L ( I )
65 — — — CALL A M B S (1 ,1OA Y ,SE C ,Z ZJ ,GLT M,DE C ,ETRA N, F 10 7 , F 1 O 7 A , A P , B L O N
46 — — —  > , D,T ,C HI ,IY ,I O Y , S A T ,! D , GLA T O )

47 —— — O N ( I ) ~~D ( 2 )
48 — —— H N( I I~~0( 7 )
49 — —— N 2 N (1 ) D ( 3 )

50 ——— O ?N ( I )= 0 . 5~~’D (4)

Si —— — T N ( I ) : T ( 2 )
52 — — — S Z A ( 1 ) CHI
53 — —— & LA T ( I ) & L A T D

P H I O U ( 1 ) D . 0
55 ——— EriT (I)=0 .0
5t ——— 17 C O N T I N U E

57 —— — C . . .  J CH IC = C (J N J U&A T E  O F  J CH I  ; THE NEXT F E W  L INES SETS THE NEW
5~~t ——— C... TiME STEP A C C O R D I N G  TO THE DIFFICULTY OF THE PREVIOUS SOLTN

C... A N D  T HE S O L A R  Z E N i T H  A N G L E  I N  B OTH H E M I S P H E R E S
60 — — —  J CH I (:JM A X 4 I J CH I

1F (ITER .LE.7 ) 011:4300
IF (ITER.&T.7) DT1=—300
I F ( ( S L A ( J C H I ) . G T . 1 . 4 ) . A N D . ( S Z A ( J C H I ) . L T . 2 . 3 ) I  DT I = — 3 0 0

64 — — —  I F ( ( S L A ( J C H I C ) . G T . 1 . 4 ) . A P 4 D . ( S Z A ( J C H I C ) . L T . 2 . 3 ) )  DT I :_ 30 0

69
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65 — — —  DT O T 4 D T I
66 — -- — I F ( O T . G T . 1 8 0 0 )  01:1800
67 — — — IF (DT.LT.300) 01=300

• 
— — —  IF (JTi .LE.9 ) 01=300

69 - -—  C... I F  TH E SUN ISN ’T SHINING IN E ITHER HEM ISPHERE DON ’T CA LC PROD
70 — — —  IF ((SZA (JCHI ).G1.1 .57).AND .(SLA (JCHIC ).GT .1.571) GO TO 23
71 — —— C... PE PR P R I M A R Y  PE P R O D  P R DG ;  P F2 5 2_ S T RE A M  P R O C  TB G E T  E L E C

72 — — —  C . . .  H E A T I N G  R A T E ;  N O T E  T H A T  F Y O N  IS USED TO P R E V E N T  PHIUN FROM
73 - — —  C . . .  G O I N C -  Tu Z E R O ; ;  P R I M A RY  S P E C T  STO R E T E M P O R A R I L Y  ON DCB 8
7-, - — —  R E W I N D  8
7, ——— C A L L  PEPR(l,OP~,N2r .J,[2N,Sl4, TN,L PR,JM 4X , O , PRI!0,JEM)
76 — - — R E W I N D  8
77 — — —  C A L L  Pt2S(Z ,CI N ,N 2 N ,02N ,BM .BC ,JMA X ,DH ,N,TI,EHT, PSEC )
7~ — — —  C~~-°~ PRQ D (1 ,I= 1—3 ) : 45,2t),2P ION STATES OF 0+ ; O4DL :LOS5 OF O+ (20)
79 —— — c~~’~~ 

TO O+ 4S A N D  U N 2P L = L O S S  OF U. (20) TQ N2+ . THE RATiO 15 USED TC i
—— — C~~~*~ C ALC FR AC TI O N OF D+(2D) ENDI NG UP AS 0+145) : SEE T O R R + T L J R R  R EV

~~~~~~ G E O ~~HYS AUG 1978 P330
B 2  — — —  DO 20 I= 1, JM AX
8 3 — — —  !F (J T 1 . E O . I )  F Y U N I J I = . O D 1Q P RD D ( l , 1 )

C4OL=2 .OE—11.ON(I )+7.81_ 8~~SURT (3O0 /T 1(3, I ))1~N (1,I)+4.OE_ 1i
>

86 — — —  O N 2 P L = 1 . 0 E — 1 O ~~N2 N ( I )
87 — — —  O M F T A S = P R O D ( 2 , I ) . ? P r J D ( 3 , I )
38 — — —  P H I O N ( I ) = P R O 0 ( i , I ) + C M E T t . S~~0 4 D L / ( O 4 O L + U N2 P L ) + F Y I ! N ( I ) + P S E C ( I )
89 — —— 20 CONTINUE
St .) ——— 23 CONTINUE
91 — — —  C G E N E RA T E  S Y M M E T R I C  A M B I E N T S  IF DESIR ED
92 —— — IF(ISW .LT.3) GO 10 25
93 — —— 00 24 I :1,IEQM 1

A 9-. — — —  JU JM A X +1—I
ON (JUI :ON (I)

06 _ _ _  N 2 N ( J U ) = N 2 N ( 1 )
97 - —— 02N(JU) 02N(I )
98 — —— HN (JU )=HN(I )
99 — — —  TN ( J U ) T N ( I )

P H I Q N ( J J ) = P r ( f Q N ( 1 )
01 — — — E H T ( J U ) : E H T ( I )
02 — — —  Du 13 J=I, 3
03 — — —  N (J ,J U )= N ( J ,l )

04 13 T I (J ,JU )=T I (J ,I
G5 — — — 24 C O N T I N U E
06 — —— 25 C O N T I N U E

IF (IL P S .NE .0) C A L L LOOPS (S ,NEQ,N,Tl,ITAU ,JB ,5EC ,DN DT)
08 — — — C.. .. P R i NT I NG  OF A M 8 IE N T PARA%ATERS.................

09 — — —  IFU J PR I NT .E Q . 0 ). OR . ( 1 IF . N E . 3 ) )  GO TO 119

10 — — —  DO 106 J=1, JPR IN T, 1
11 — —— C ...TEMPO~ A RY CA LC OF MINOR IONS
1 2  — —— C A L L  C M 1 N OR ( J ,N ,T i ,E NO P , E NO 2 P )

1 3 — — —  I F ( (J /3 0 ) °3 0 .EQ .J )  W R I T E ( 6 ,I 1Z )

14 — — —  ! F (J .EQ .1 )  W R I T E ( 6 ,1 1 2)

1 5 — - —  1F ((J/JSPC )~~JSPC .NE.J) GO TO 106
16 ——— 112 FCRM 4T (/2X , *JO ,6X,~~A LT~~,5X ,*G L* ,5X ,*BM~~,5X ,oSLA o ,5X ,*GR4 ,4X
17 — ——  ) ,+TN * ,5X, bN (O )A ,6X,$N (H)~~,6X,oN (N2)* ,6X,*N (O2 )*,6X,~~PROD4
lb —— — ) ,6X , ° MEA T ~~~~,6 X , ~~~ BG~~~ , 4 X ,o C L A T* )

19 — — —  W R 1 T F ( 6 , j 11 J  J , L (J ) ,&L (J ) , 6M ( J ?, S~~~A ( J) , GR (I , J) ,T N ( J) ,QN (J )
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?0 — — —  ) ,HN (J) ,P42N (J),02N (J ),PHIDN (J ) ,EHT (J ),FNOP ,EN (J2P
106 CONTINUE

119 CO N T IM JE
‘3 — —— C... IF PREV IOUS T iME STEP IS SUCCESSFUL ADVANCE T i ME

)F (I TF.EQ.4) GO TO 23
2 5 — — —  1 F ( I TF .E ~~~~.1) S E C= S E C + TH F ~~~DT

I T A U = 1 T A U + D T
‘7 — — —  1 F ( ( 1 I + 12 .N E .3 ) . A ND . ( IT AU — D T .& T .T M A X’ 6 0 ) )  STO P

? D —— — 1 F (  I 1 + 1 2 . N E . 3 )  GO TO 221
29 ——— 221 CON TINUE
30 — — —  102 FO RMA T (IH ,I10 ,1 P11E1I. 2 )
l j — — —  103 FORMAT( li ( ,I1O ,1lFl0.2 )
3 2  111 F O R M A T ( I 4 , F B . O , 3 F 7 . 2 , 2 F 7 . C , I P 9 E 1 O . 1 )
33 —— —  56 FORMA T (8 (1PE1O.3))

3’, — — —  33 0 F O R M A T ( 3 1 1 0 )
35 — — —  END

C <R5F0> 
SUb ROUT iNE F IELD(J ,JMA X , PCO,RE ,ZØ ,5CAL ,X ,FD)

C 
C TH IS PROGRAM DETE R M IN ES THE GRID PO iNT SPACING GIVEN JUST JHAX=

40 — — —  1. ~‘ OF GR I D  PO I N T S ,  PCO : LS i - I ELL ,  ZO L O W E R  BO U N D A R Y , SCAL S C A L I N G
41 ——— C F A C T O R : ;  x = C O L L T I T U U E , T IlE FIELD PARAMETE R S  AR E TRANSFERRED
-+2 — — —  C T IlRO~J 0H FD (I);; R 0 = E Q U A T O R I A L  RADIUS TO FLUX T U B E ,  I N I T I A L  VALUES
43 — — —  C FOR X AND R ARE SET. DP-f = DISIAN C E BETWEEN POINTS IN THE X CO ORDINAT E
44 --- C  
45 — —— i M P L i C i T  R E A L ( N )
46 — — —  D I M E N S I O N  ED 19 )
47 — — —  IF(J .NE. 1) GO TO 95~
48 — — —  R O = R E ° P C O
49 ——— R=R0
50 —— — X = .5
5~~ —— — PTSr( JMA X +1 )/2

• 54 — — — IPT S PTS
53 — — — C ’ ’ ’ ’  S C A L K  IS A S C A L I N G  F A C T O R  TO ENSU RE THA T THE X—COORD.
5’. C’’’’ RAN G ES FROM 0 T~ I
55 RA T = (RE+Z0)/RE
5b — — —  Q M A X = ( S QR T (1_ R A T /P C D ) )/ (R A T ~~~*2)

57 — — —  SCAL K=1/SIN H(S CA L~~1QMAX) )
Sb — —— DH=1 /(P T S— 1J

• ——— R A T = ( R E / R 0 ) ~~~ 2
• 60 — — —  C E S T A B L I S H  P15. ON F I E L D  LINE

61 — — —  C.... R :RADIUS TO FIELD PT ; FD1=A LT ; F02 :SIN (DIP ANC ) ; F04:GEOM LAT
52 — — — C.... FD5 = G R A V I T Y  ; FD6 IS PROP TO MA C F I E L D  S T R E N G T H  ; F D 7 = V A R IA B L E
63 ——— C ... . CO IJ RO F A C T O R ; DS=STEP SIZE(KM) ; FDb=AR C LENGTH FROM EQ UAl (KM

950 DX= 1— (J—1 )/ (PTS—1 )
66 — — —  I F (J . F Q . 1P TS )  Ci] TO 4

67 — — —  C . . .  Q = T H E  D i PO L E  C ’JOR D DETERMINED FROM — — SINH (KQ )=DX
Lb — —— S C X r D X / 5 C A L K

~9 
— — —  ~ = A L O G ( S C X + S ~~R T ( S C X ~~4 2 + 1 ) ) / S C A L

70 3 5-I X = .SIN (X)
71 — — — C H X = C O S ( X )
72 — — —  C ... THE NEXT 6 LINES ARE A N C~~TON SOLVER FOR THE EQUATIO N F(X):0
73 — — —  C... THIS DETE RMINES THE C 3LA T ITU DE X
74 ——— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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75 ———  uE X ~~tR D 2 )O4~~1S H X~~~3 )OCHX + (RE002 )~~SHX / Q
76 — — —  A~~X — F F X / O E X
7 7 — —— I F I A b S ( F E X / (OEX *X )1.GT.1 .OE— 6 ) GO 1 0 3

GO T O 5
7, -—  4 x = 1 .~~70796327
‘- 0 — — —  S H X r I

62 — — —  

~ 
— — — — L A T .  RA D IUS.  D I P

5 R : R O ~~S HX 0 + 2
FD (i ) :R_ RE

SQTH= S .~RT (34 (CHX ~~42)+1)
F O ( 2 )~~2~~CH~~/ S 0 T H
FD(3 )=SHX/ SQTH

R d  ——— F014)=1 .570796327—X
FD (5):FD (2)C3.98E+10/I (PE+FD (1) )°°2 )

FD( 6)=8.271E+25QSQTH/(R ~.I.E.5)os3
F O (  7)  = S C A L  PC DS H (  SC AL ~~Q )  ~ S C A L K  ~1 . E— 5  ~R E° ~2 c S Q T H / R  *4 3

— — —  DS= 1 .OE— 5cDH /FO (7 )
93 — — —  XX rAL OG(1 .732 *CHX+ 50T 11 )

F D ( R )= k D ~~~.2 3 8 6 8 ° (X X + S I N H (X X ) *C U 5 H ( X X ) )

R E T U R N
— — —

z~•1 — —— C 
• ‘8 — — —  SU b RO UTINE AM bS (J ,IDAY ,SEC, ZLJ ,GL ,D E C , E T R A N , F107,F1074,A P ,

09 — — —  > 810P4,D ,T ,S ZA ,N Y , ND Y , S 4T , I D ,G LA I O )

• 03 —— C
D i —— — C THIS PRU(~~AM E V A L U A T E S  THE SO LAR ZENI TH ANGLE, D E T E RM I N E S  THE

C THE DAY AND TIME A N D CALLS 4.E. rIEDINS MSIS MODE L (C-TS3 S ) TO GET
03 — — —  C THE N E U T R A L  D E N S I T I E S  AND T E M P E R A T U R E  

05 — —— D A T A  PLA T  • PLON , Pt , 1C NT
) / 1 . 3 7 5  , 1.222 , 3.14159 , 0 /

07 — — —  C C O R R E C T  T I M E  FOR FULL D A Y S  AND Y E A R S — — —
08 —— — 999 I F ( J . N E . 1)  GD TO 1000
09 0ECL= DEC~~3.14159/1e0
10  NY :IDAY /1000
11  N D Y = M D L ) ( I D A Y , 1 O D 0 )
12 IF (MuD (NY,4).EQ .0)LY 366
13 I F 1 M JD (NY ,41 .~IE.O )LY 365
1 4 SXrAMOD(SEC,86400 .)
15 NDY N DY+ INT (SEC/86’.OD )
16  NY=NY +N OY /LY
11  iD= 1000 PNY+MOD (NOY ,LY)

1030 C O N T i N U E
19 — — —  C T R A N S F O R M  M A G N E T I C  T O G E U G RA P H I  C C O O R D I N A T E S — — —

c AND C A L C U L A T E  Si ANGL E A T  EACH F I E L D  LINE P O I N T — — —
21  B L U R ~~S L O N * P I / 1 8 D . 0
22 X M = C U S (GL )4COS (BLOR—PL ON )
23 Y M r C O S ( G L ) P S I N ( B L O R — P L O U )
24  Z M = S I I 4 ( G L )

XG :XM~~S iN (P L A T )+ZM*CO S (PLA T)
Y G~~Y M

27 ZG=— XM *COS (PLAT)+ ZM *SIN (PLAT )
G L A T = A S I N ( Z & )

29  GLA TO=G LAT P1BO.I P I
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3D --- GL UN = (PLON +ATA N 2 (YG ,X G ))*1 8O /P I
31 SAT :(SX—ETRAN+43200.0)/3600 GLJN/15 .O
32 — — —  HH :1SAT—1 2. )015~~P1 /180.

S Z A A C U S (C O S (G L A T~~~CUS (UfrCL )4COS (HH )
34 ——— > +SIN (&LAT )PSIN (DECL ))
35 — — — C... CALL C .TS3S FOR NEUT RAL PA RAM S . 
30 — — — CALL &TS3S( ID,SX ,ZZJ ,GLA TD ,GLON,SAT ,FIO7A ,F 1 0 7 , A P ,48 , D , T)
37 — — — RETURN
3d — — —  E N D

ION D A T A S E T  IS A B O U T  T O BE W R I T T E N

y EN, RE DONE
l u N  D A T A SET HAS NOW BEEN W R I T T E N

ED ITOR TER ’~1NA T IN G 8C/100 SECONDS IS ELA PS ED TIM
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IT ,LJ ~~PL IB ,DN RSc ?S,flL
I — — —  C .  ( R S 2 S > .

SuIs R [UT 1NE ~~~~ 2 S ( L , 7 U X , Z N ? ,? U ? , f 3 M , B ~,,I M A X ,OH ,N ,T I , E N E A T , P S E C  I
C ++++ T HE O R I G I N A L  PR(JGR 4M WuS W R 1 T T L N  ~ Y 4. NAc ,Y AND P. Bi~N~~S. T H i S
C+’+. V~~R S1D N W AS I M P R O V E D  BY P . R1C H A R rJS T~ C C V L R  E N T i R E  F I E L O  L I N E

5 — — —  ( - + s + +  AND T O  TA KE INT U ACCOUNT P ITC H ANGLE TRAPPIN G IN AN A D HOC WM Y
6 ——— ~~~~~ 

PR IjGRAM FOR SOLVING THE 2 — S T R E A M  E~~UAT1O N S FUR PH O T O L L E C T R O N
-i —— — C÷’-’~ 

FLU X ES AS G I V E N  IN SA NK S AND KOCKARTS ~~07 3  ;T HE C A L C U L A T I O N S  5 E & 1 ~
C~~+ +~ AT 100 EV AND W O R K  DOWN IN I F V  S T E P S  — S E C O N D A R Y  A N D D E G R A D E D
C+~~

-.-’ P~~1 I F S  B EI NG I~~(LUDED AT LOWER E N E R G I E S
(
~~~~ V A R I O U S  P R I N T S  C~M BE O P T A I N E D  BY US1N G ISW 2 — P R I N T  * OF PTS W I T h

i i  — — —  C — — — —  E X C E S S i V E  H EAT LOSS ISW =3 P~~JN T CO E FFS Of FLUX OF’S - IS~~:4
12 — — —  c — — — —  P~~INT F L U X E S  A T  E A C H  E~~E R C y  I S W ~~5 PR INT TOTAL FLUXES, H E A T I N G  R A T E S

R E A L  ‘2S164 ,N251 65 , N2PE ,N2 P I,N 2 IDN S ,N
i~~s — — —  DI M E N S I O N  N2 SIG A ( 1 0 0 )  ,3 2 S 1 0 A (  100) • UX S I G A (  100)  ,T p R O D (  3 0 0 ) ,
15 — — —  7 TSICNE (300 ) ,DIDSJG(103),0 15SIG (jO3 ),RED EX C (3C0), RED ;fr(300),

8 St-C ItjN (303 ) ,N2 PE (100 ),02P5(100) ,DXPE (100),FHEA T (300 ) ,E (100) ,
17 ——— B ~UMUP (3DO) ,~~U~~DWN ( 30O), c~~2i 3i (3O0 ), PSEC (3OO), PHIS (2,3 0O )
i s  — — —  D I M E N S IO N  XNU (3 ,I3 ) ,DMEG (3,10 ), P (3,10I, W(3 ,1O ),A [(3 ,1O ),
1 9 ———  1 G A M (3 ,1Q ) ,SIG EL (3 ,130 ),NIJ(3)

D I M E N S I O N  i ( 3 0 O ) , Z Q X ( ~~O 0 ) , L N 2 ( 3 0 0 ) , Z O 2 ( 2 0 O ) , 3 M ( 3 O O ) , b G ( 3 0 0 ) ,
?1 — — —  1 N14,300),Tl (3.300)

C Q M M P N / T R 1/ P R I J D ( 3 3 3 ) , PR O O . J - i l3 0 0 , 1 0 0) ,PR[] D U P ( 3 0 0 , 1 0 0 ) ,
• — — —  1 PHIOWN(300) , PHIJP (300),TI(3001 ,T2(300),DS(300)
• — — —  C UM MON/ PANGS / Z PA S, PA S K , 1 P A S , I PA S C , F P A S

C.... IS W~~PR 1N T S W I T C H ,  JEP~~E N E R C ~Y PRINT S W I T C H ,  1 P R i N 1 r P R I N T  S~~ITC F4
C.... JM I N = L U W E S T  ENERGY PE,  M1 = F I R ST PT ON FI E L D  LINE, A V M U=<CDS O >
C. . . .  V T U T ~~V D L UM E FLUX TUBE , F4C CONJ I LLUM F A C T O R , F P A S = P I T C H  A N G L E
C . . . .  S C A T T  F A C T O R , J ’44 X ~~H I G H E S T  E N E R G Y  P E , K I T E k ~~ OF A L L O W E D  I T E R S
C.... M=S O U N DARY OF PO E SOLUTION, Z P R I U = P P I N T  BOY, ZP &5=A LT OF PAS

D A T A  I S W  , J E P  , 1 P R IW 1  , IJEP , JM IN , !~- 1 ,A V P~U , V T I 3 T , F A C 2
31 — — —  I / 2 , 10 , 10 , 1 , 1 , 1 , .577 , 0 , 1/
32 — — —  J A T A  FA C  • F P A S  , JS~ , J M A X , M ,Zs-~R IN ,Z PA S ,E F L U X ,JT1
33 — —— 1 / 1 .8 , 3 , 100 , ‘.1, 1.E 9 ,1000 , C • 0 /
34 — — —  R E A D ( 8 , 3 3 0 )  I~~M A X , J~’A X

I P M A C ~~i M A X + I — I P M A X
30~~~~~~~ 

I F ( Z ( M ) . G T . Z P A S )  Z P A S Z ( M )
IE U = (IMAX + 1 )/2

IM A X 1 IMA X _ 1

~~9 — — —  lP,~A X 1 :i P M A X 41
— — — I E O j ~~~ J E ~~~ 1 p M A X

J P M A X 2 ~~I P M A X ~~2
M 2 = M I + 1
I T E S T = 0
V T O T ~~C.D

• .5 — — —  I M X M . = I M A X + 1 — M
J T I = J T I + I
R~~W 1 M U  7I — — —

~.9 —— — I F (JT I.E’~.1 ) IDSC~~5
50 — — —  IF (J T 1 .N E .1 ) GD TO 115
~~1 

— — —  C.. IM A X ~~MA X ALT. IN G S; I PMA X M A X A LT. INCS FOR PROD.

~~~~~ 
P A R A M E T E R S  FO R PROD OF S E C O N D A R I E S ;  BA N K S  El A L JGR 1974 P145 9

C~~~~° S I C J E L  = E L A S T I C  S C A T I  X — 5 F C T  A T  E N E R G Y  J
R L A D (5,330) NN(1),NN(2 ),NN (3)
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c D Du 101 1 = 1 .3
-‘ — — —

5_ i  — — —  DO 101 J= 1, N N I
S b — — — 101 kEAD (5 , 305 ) X~~U (I,J),[)MEG(I ,J), P( 1 ,J),w(I,J )

— —— I ,A CJ (  I ,J) ,GAM (I ,J)
60 — — —  00 102 1= 1 ,3
61 ———  102 REA D (5,304) (Slc.EL (I,J) ,J=1 ,I2)

— — —  C, ,,, 4 0 ( 1 ,1 )  I S  A C — S T D L  P A R A P I  ; N2PI IS IN E L  . B— S  F R A C T I O N
C , , , ,  F A C T P  = F A ( T O R  F O R  E X T R A P O L A T i N G  P~~UD PA T E S

& ‘ , — — —  A 0 ( I , i ) = 1 . 5 1 5
65 — — —  D A T A  N2P I  • 9 2 P 1  , UXP I , F A C T P  , 00

1 / o.~ , 0.5 , 0.5 , .7 , 6.51E— I’.
67 — — —  C > > ) >  E X T R A P O L A T I O N  OF X — ’ E C T I O N  P A R A M S  ( T U R R — W [ D D E  ? ? ? )
68 — —— 00 2 JE = 1 3,JM 4X

DO 2 1=1,3
70 — — —  E J = J E
71 — — —  E J - E J — 3 . 5
7Z — —— E F A C T = ( 1 . C • — ( S 0 R T ( E J ) — 3 . 4 6 ~~) / 2 0 . )
73 —— — 2 SI&EL (I,JE )=S IGE L (1,1 2 )PEFAC T
74 — — — C L L C L  E L A S T I C  B — S  P R U B A B I L I T  I F S  —— N2P E E T C . E t C h
75 — — —  oO 3 MK 1,12
76 —— — N 2 PE(M K) 0.5

• 77 — — —  D2PE(MK )=O. 5
• 7c 3 Q X P E ( M K ) 0. 5

79 —— — DO 4 PI K = 1 3 ,JMA X

~o — — —  t K = M K
8 1  — — —
82 E F A C = S Q R T ( 1 2 . / E K )
83 ——— N2 PE (MK ) 0.5~~E F A C
84 --- O2 PE(MK) =O .5 *E FAC
85 — — —  4 u X PE (M K ) = 0. 5* E FA C

S b — — —  C+++++ H IGHEST EN ERGY SET FOR J ; Q (1S),3(1D) X—S E V A L U A T E D
87 — — — 115 J=I00
88 ——— 00 7 J C = 1, 1 0
89 —— — O 1 S S I G ( J C ) = O . O

7 O I J S I G ( J C ) = O . 0
. 1 —- — DO 15 M M = 3 , J

EJ=M M
E J=EJ— 0 .5

Q..  — — — IF (MM .LT .5 ) GD TO 15
95 — — — UIS S IG (M M )=( (6.51E— 14 )~~(4.2E—3)/ (4.17~~4.17) )~~(1. — (4.17IEJ)~~~0.5 )
96 ——— 1 ~~( 4. 1 7/ E J)

97 —— — 15 O1O S IG (MM )= ( (6.51F—14)~~(1.0E—2)/M.9&~~1 .96))*(1.—1. 96/EJ)~~~2
98 —— — 1 *l.96/EJ

C— — — —  SN 2 ION TOT. SEC. IONS FROM N2 ; E H E A T = E L E C T R O N  H E A T I N G -  RAT E ; TPR[u :
C — — — — P H I N E T =  T U T A L  Pt FLUX ; S U M U P = T O T A L  UP F L U X  ; S F C I L N = T U T A L  S E C.C N D A R Y

• c l  — — —  C — — — —  I O N I Z A T I O N  ; R E D E X C = E X C I T A T I U N  OF 6300 L INE
02 ——— C . . . .  A R C  L E N G T H  D S ( I )  AND T O T A L  FLUX TUBE VOL ( V T D T )  A R E  O B T A I N E D

C . . . .  I~~A S = G R 1 D  P O I N T  F u R  T R A N S I T I O N  T O P I T C H  A N G L E  T R A P P I N G
DO 16 I = M 1 , I M A X

~~~ — — —  I F (  I . GT . 1)  D S (  I )  - .5~~( D H/ 8 C ~
( I ) 4 J H / P G ( 1 1 I I

~~~ — — —  I F ( Z ( 1 ) . C , T . 7 P A S )  V I D T : V T U T . D S ( 1 ) / ( b M ( I ) ~~2 . U 3 B U 4 B )
• • — — I F C ( L ( 1 )  • LI • I P AS ) .AND . ( 1  • LI • IF Li)) 1 PA 5 = 1

1S1 ~ .NE (I )=0
.09 ——— PHI0~~N (I )O
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110 --— PHIUP (1 ) 0
[ 1 1  — — - —  S N 2 I O N ( I ) = 0 . O

f~~E A T ( 1 ) r D . D
T 0 ,~f l 0 ( I )~~0.0

[1’. —— — S U M U P ( l ) = O .
115  — — —  S U M D W N (  1 1= 0 .
l b  - — — S F C I O N ( I ) = 0 . C
1 1 7 — — —  R F D E X C (1)=J .0

P S E C ( 1 ) 0 .0
1 1-v — — —  16 Cu N T I N U E
I2~ 

— — —  (~~~P~~~~ S E T  E N E R G Y  S T E P S  ~~ P~~EJD J~~= C +  • P R U O W N  =~~~
— AND PRCD=~ ; 81K 25B

12 1 — — —  C~~~- # ø  l P A s C ~~C f l N J u G A T E  G R I D  P O I N T  FUR P 1 1 C M  A N G L E  T R A P P I N G ,  PA S K : A
12 2  — — —  C~~H~~~ C O N S T A N T  A 5 S U C I A T F J  W I T h  P4 5  C A L C U L A T I O N
12 .~ I P A S C = 2 4 I E ~~— I P A S
124 — — —  P A S W ~~F P A 5 / ( Y T U T ~~2 . 3 3 6 U # 8 ~~~M ( I P A S ) )
125 — — —

12 6  — — —  DO 92 J K = 2 , J M A X
1 2 7 — —  92 E ( J K ) E ( J K — 1 ) + 1 .
12 6  —— — 00 22 I = M 1 , I M A X

OP ? 1 J J = 1  ,J M A X
130 — — —  P R U [ ) U P ( I , J J ) = 1 . O E— 2 0
1~~~1 

— — —  21 P R u D W N ( I , J J )= I .O E — ~~C
1 3 2  — — —  22 C O N T I N U E

133 — — —
C////// //////MA .IN C A L C U L A T I O N S  b E G I N  H E RE ////////////

135 ——— 23 OIl 6 I M 1 , I M A Y
136 — — —  6 P R U D ( I )~~~1 . OE— 2 0

137 — — —  I F ( I S W . E Q . 3 )  W R ] T E - ( 6 , 3 3 0 )  J
I F ( J . G T . J M A X )  GO T~ 98

139  — — —  C~~ P R O D  I S  R E A D  F R O M  A F I L E  C R E A T E D  BY P E P RO D  T H E N

140 ——— ~~~~~~ E X T R A ~~D L A T E D  TO H I O H E R  A L T S .  IF N E C E S S A R Y
R E A D ( 8 , 3 3 6 )  (~~R O D ( I) . 1 = 1 , I P I 4 A X 2 )

1 42 — —— 00 117 I = 1 • I~~M A X
143 — — —  117 P R D D ( IP M A C — 1 4 I I ~~PRUO (I PM A X + I )

00 11 9 I = I P M A X 1 , I E ~
1’.5 — — —  119 PR U D ( I ) = P R O D ( I — 1 }~~F A C T P
14o ——— 00 19 l = 1 , I E ~~~I P
l~~7 — — — 19 PROD(I pM 4C_ I) :PR 0Q (IPM 4C + 1_ I )~~F4CTp

DC .6  I~~M 1 , I M & X
P~~UD (I)=P R O D (I)/AVMU

95 I F ( I . G T . I E C )  p R r D ( 1 ) = P ~~O D ( 1)~~FA C
C . . . .  T~~2 S A =  5 J M  OF ? 4 2 5 1 G A ( T U T  INE L .  X — S E C I  BEK 2 5 8 )  10 L I N E S  DO W N
C.... T~i~~S5 ARE E V A L U A T E D  IN U C S I G M A  AND STOR E D ON UCS RESUL T S

• ~ - — —  C ... • N (A ~ V E R S I O N  R E A D S  F R O M  5 AT  F I R S T  THE N R E A D S  AND W R I T E S  7
-
~~~ - — —  K)4D (IJ5C .330 ) J P R INT

• ~~ A D (I O S C , 335) TN2SA ,T f 3 2 5 4 , T U X S A
— ~

;A
~~(IL)5C,33 5) (N2SIGA (Jc), K = 1 , J P R I N T )

•~~~ f ) ( I U S C , 3 3 6 )  ( D 2 S I G A ( K ) ,  K = 1 , J P R 1 N T )
v~~ )(1D~~C ,336 ) C G X S I G A ( K )  • V = 1 , J P R IN T )

• ‘ ( J T f .~ :E . I) C,(j TtJ 1~~8
.~~J ~~r (7,330) JP~ 1N T
.‘!~~[ ( 7,~~3 5 )  I M 2 S A ,T O ? S A , T O X S A..~~~~~~f 7 , 3 l 6 )  ( N 2 S I C , A I K ) ,  Y = 1 , J P R I N T )
~~~~~~~~ (7 , 36) (LJ ~~~S I G A ( K ) ,  K = 1 , J P R I N T )

“ i f ? . ~ ~~~) (L JX SIG A(X ) , K = 1 , J P R I N T  I
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‘-5 — — —  198 J PR1NI ~~J P R 1 N T + 1
00 18 61 K J P R I N I ,  J

67 — — —  N ?510A( K ) 0.O
ti ?SI&A (K)=O .0

59 ———  1861 O X S I G A I K ) 0.0
7~~ — — —  C ICEl . E L E C T R O N— E L E C T R O N  C O N T I N U O U S  E N E R G Y  L O S S

71 — — —  ( e p t  1 5WAR TZ FT AL J O R  197 1 P8425——— THE FOLL . SW I TCH
72 — — —  C — — — —  ALL C~~S A S T A R T  F R O M  L O W E R  E M A X  W i T H  S A M E  I N PUT F I L E  7
73 — — —  I F C J . G T . J M A X )  CC TO 82

- • 
“ -‘ OE= D .O
75 — —— DO 11 I = M 2 , I P I A X I
7b — — —  ET= 8.619E— 5~~T I (3,I)
7 7 — — —  INE=N(1,I)+N (2,I)-fN( 3,l)

TS 1G N E (I ) ((3.37E 12~~Z N E ~~~0.97)/(E ( J)~~~0.94))~~((E(J )— ET )/
1 (E (J)—( 0•53 ~~ET )))~~~2.36

80 ——— TS IGNF (I )=TS 1GNF (I)/A VM U
81 — — —  DE LZ =D S (1 )
si —— —  1F (I .G T . J E O )  DEL Z=D S (I .1 )
83 ———  T E S T = T S 1 S N E ( i )~~D E L Z

IF I ZU ).GT.I000) O E = DE +TEST
85 — — —  iF (TEST .LT . 1.0) GO 111 11

IF (J.EU.2 ) I T E S T = I T E S T + I
87 — —— c lF (J.GT .1) W R J T E (6 , 3 1 1 )  I.Z (I) , T E S T

• ~~ _ — — T S L G N E ( I )= 1 . 0 /O E L Z
89 — — —  11 CONTiNUE
90 — — —  C WR 1TE (6,26)
91 ——— C W RITE (b,27) TN 2SA, TO2 SA ,T DXSA ,SIGEL (1,J) ,SIGEL (2,J),SIGEL(3, J )

~2 ——— C 1 ,O1DSIG (J ),EI1 SS 1C. (J )
9 3  — —— C .... T I , T2 A R E  CU EE F S OF D.E. BEK P258 

~~~~~~~ IF (1SR.E ~~.3)
95 —— — 339 EORM& T (5X ,~~I~~,7X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
96 ——— 00 30 I= M 1 , I M 4 X
97 — —— TI ( I) = Z N 2 C I ) $ S I G E L (i , J ) ~~~N 2 P E (J ) + Z O 2 ( l )~~~S I GE L (2 , J ) *Q 2 P E ( J )+ Z O X (  I )

C8 ——— 2 ~~S i C E L (3 , J )~~~[J X P E ( J )

99 — — —  T 1 (I)=T1( I )IAV MU
• 

~00 — — — 12 (1 )=L N2C 1 )* (S )&EL I1.J )~~N2PE(J )+TN25A )+LO2 (I)~~(SIGEL (2,J )~

~Ci 
— — —  2 U 2 P E ( J ) + T C 2 S # ) + Z U X ( I ) ~~( S I G E L ( 3 , J ) ~~O X P E ( J ) + 1 U X S A )

!02 — —— 12 (1 )= (T2( I) /AVM U+T S IGNE (I))
• 

~O3 — — —  I F(  I S W . E ~~.3)~~Q I T E ( b , 3 1 1  ) I , Z (  1 1 , 1 1 ( 1 )  ,T 2 (  I)  , T S I G N E ( I  ) ,P R U D ( 1
) , N (1 1 )  ,N (2 , 1)  ,T I (3 , I )  , BM (1) ,BO( 1) .05(I)

30 C O N T I N U E
C... . SET BO U \OAPY C O NDITIONS ON FLJXES

~07 
— — —  IF (J.E0.1) GO TO 56

2 r1 I D W N ( M 1 ) .5~~P R O 0 ( M 1  ) / ( T 2 ( M 1 ) — T 1 ( M 1 H / A V M U
PH I D W N ( I M A X ) .5~~P R P D ( 1 M A X ) / ( T 2 ( I M A X ) — T I ( ) M A X ) ) / A V M U

~10 — — -  PH I U P ( M 1 ) P r t I O W N ( M 1 )

~11 — — —  PHIU P( I~4 & X )_ P H I D W N (i M A X )

~12 — — —  C ,,,, 00 LOO P FOR ITE R A T I N G  SOLNS TO C O N V E R G E N C E
5b DO 161 K I T = 1 , 5 U

DO ~8 1 J = M 2 , I M A X 1

• ~15 — — —  ~ H l S ( 1 , I J ) = P H I O W ~((1J)
pH I S ( 2 , 1 J ) ~~ ’r I IJ P ( IJ )

~17  — — —  ( A L L  T R I S ( I  ,M 2 , M , J , M , B M , B G , Z , I M # X ,CH )
(A LL T R I S ( —1 . I M X M ,IM A X I , J , M , EM ,BC,? , I M A X , OH )

( + . + +  T F S T I ’~G F~~R CONVE RG [~~CE TO A SO LUTION ~~+ + +
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1..’.-. 0 6 / 2 7 /

2 2 0  — — —  I J I V = 0
2 2 1  —— — DI) 61 1~~M 2 , I M A X 1
222 — — —  1F(A8 S . H PHIU P( I ) — P r I I S ( 2 . I ) ) / P H I U P ( 1 ) )  •G1 . 1 . E — 4 ) I D I V 1 ) IV + I
2 2 3  — — —  ~ 1 L F (Ab5 ( (PH IDWNC I )—P H1 S (I,I) )/PHI DWN (I I) .GT.1 .E—41 I D I V :J D I V + 1
2 2 4  - — —  Z F ( I O I V . E 0 . 0 I  GO TO 163
2 2 5  — — —  161 C O N T I N U E

- :  — —— CONTiNUE
2 2 7  - --

2 2 6  — — —  C — — — —  SUM F L U X E S  AND P R I N T  R E S J L T S  ;; FYUP ~ F Y O w N  ARE U S E D  ONLY T O  PRINT
22 9 —— — 163 00 118 I = M 1 , I M A X
2 3 0  — — —  SUMU P (I )=SUM U P( I)+ PHIU P (I )~~A V M U
2~~1 Mp (I) SUMDR N (I)+Prfl L ),dN (I)~~A V M U
2 3 2  — — —  F Y U P r P H i U P ( I ) ~~AV Ii U

FY O W N = P H i D ~.N(1)~~A V M U
IF (ISW.NF.4 1 GO TO 11 8

2 5 — — — C.... PRINT S P E C I F I C A T I O N S
2 3o — — — IP RI N 1= 2
2 3 7 — — —  I F ( Z ( I ) . G T . Z P S I N )  I P R I N 1 = 4

J F ( I J E P — 1 )  I6~~,Iô4 ,118
2 3 9  — — —  164 I F ( J E P . LT . 1 5)  I P R I W 1 = 1 0
26 0  — —— I F ( 1 4 B S ( I — I E ~~) . L T . 3 )  IP R 1N 1= 1
2 c 1  —— — I F ( J . L T . 6 O )  J E P = 1
2-.2 — — —  IF (J .GE .6O) JE P=1 0
2 6 3  — — —  165 I F C J . G E . J M A X )  00 T O 1~~2
24 ’. ——— I F ( J . L E . J MI N + 1)  GEl TO I~~2
2~.5 — — — I F t ( J / J F P ) ~~JE P .NE.J)  GO T O  118
2 4 b  — — —  162 I F ( ! .E~~.1) W R I T E ( 6 , 3 1 4 )  J

IF (I.E ~~.1 ) W RITF(5, 310 )
IF ( ( (I+ 1 )/ I P R I N l ) ~’lPR1N1.NE. J+1 ) £0 10 118

2’ .~ — — —  I F ( I S W . E Q . 4 )  W R I T ~~(6 , 3 1 1)  I ,Z ( I ) , F Y D W N .F Y U P ,P R O O ( 11
2~~u 1 ,PR~1UUP( I ,J ) , Pt ~O D W ~~( I , J) , F H E A T ( I )
2 5 1  — — —  118 C O N T I N U E
2 5 2  ——— C 
2~~3 — — —  C ? ? ? ?  T H E D E G R A D E D  PE~~S AR E Nf lW ADDED T B T H E i R  C O R R E C T  E N E R G Y  BOX A T

C ? ? ? ?  E A C H  A L T I T U D E  S T E P
2~~~ 

— — —  IF (J  . L T .  2 )  GO T O 52
25 6 — — —  L J—1
2~~7 — — —  99 DO 71 I = M 1 , I M A X

C”””” Vt? LOOP FOR DISCRETE LOSS [iF 1,2,3, 4 EV ETC. SEE 0+ ,0— BEM P25 8
2~~i —— — 00 70 K 1 , L
2~~

0 — — —  LL J— V
2~~1 — — —  P R U D U A = Z N 2 (I 1 A C N 2 S L G A ( K ) 2PI~~PH IDW N (I)+(I. _N2P1 )~~N 2 S i G A (K }~.PH1UP

1(1)).lC? (1)~~(C2S IGA (K) ’~O2 PI~~PH1DW N( I)+ (1 .—O 2PI )~~O2SI&A (K)~~PHIUP (I
2~~3 — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I ) )

P R O DDA :ZN? ( I)~~C N2 S  I(~A (  K)  ‘ N2 PI~~~HIUP ( I ) + (  1.— N 2 P I )  ~N2S I G A ( t (  I ~PH 1OWN
2~~5 — — —  1 ( 1 ) 1 + 1 0 2 ( 1  )~~( C 2 S i G A ( M ) ~~fl 2 P Jc ’ P M 1 U P ( i  ) 4 - ( 1  • — 0 2 P 1  )~~O 2 S 1 G A ( K ) ~~P H 1 O W N ( I

2 ))÷ZUX (I )~~(t? X SIGA(K)~~OxPV PHiU P (1)+(1. —O XP I )*OX SlGA (K)~~PHI DWN (I))
267 PD JDU P( I ,LL ) PRO DU P (I.LL )+P RI JDUA /A V MU

70 P R 0 D W N ( I ,L L 1 = ~~R O V W N ( i , L L ) + P P O t ? D A / A V M U
2’~9 — — —  71 C O N T I N U E
2 7 0  — — —  (thEe E L E C T R O N — E L E C T R O N  CL1NT INJ[U.J5 E N E R G Y  L O S S
2 7 1  —— — 00 75 1 = M 1 , I M 4 X
2 7 2  P R O D U P I I  , L ) = P R O D U P ( 1 , L ) + T S I C , N E ( I ) * P H I U P ( I )
2 13 75 P R ( J D w N ( I , L ) = P R D 0 W N ( I , L ) + T S I G N E ( I ) ~~P H l D W N ( I )
27 ’. — — — C , , , ,  E H P A S = H E A T I N G  DUE TO P I T C H  A N G L E  TF~A PPING AT ENERGY J. DE =
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~75 — —— C , , , ,  N O R M A L  L O S S  IN P R O T O N O S P r I E R E  TO T H E R M A L  E L E C T R O N S .  E T O T r
576 —— — C, ,,, T O T A L  L O S S  FOR ALL  E N E R G I E S .  F F L U X = T Q T A L  E N E R G y  L O S T  BY b O T H
? 7 7  —— — C , , , ,  P A S  AND C O U L O M B  L O S S E S
5 7 8  — — —  E H PA S = J ~’ PA S K * ( P H l t J P ( 1 P A S ) + P N I D W N ( I P A S C ) )
579 — — —  I F I D t . G T . J )  E HPA S=0
5 80 ——— IF (OE. GT .J ) 0E= J
581 — — —  E T O T E T O T + E H P A S
5 8 2  ——— E F L U X r E F L U X + ( D E O ( 1_ F P A S ) + J * I P A S ) O ( P M I U P ( I P t . S ) + P H I O W N ( I P k S C I )
S F 3  —— — 1 ~ 4 V M U

C. . . .  E H A V = T H E  A V E R A G E  H E A T I N G  R A T E  IN THE FLUX T U B E .  E H P A S  IS A D D E D
5 85 — — —  C,,,, TO COULOMB H E A T I N G  RATE

00 76 I = M 1 , I M A X
597 — — —  T PR OD(I )=TP R O O(I)+ PRO D( II
5 5 6  —— — E H E A 1 ( I ) = E H E A T ( 1 ) + T S I G N E ( ! ) ~~( P H 1 U P ( 1 ) 4 P H i D W N ( I ) ) ~~FA C 2

IF C EPI E 4 1 ( 1)  • LT .0) W R i T E  (6 , 3 11)  1 , 1 ( 1 )  ,PRO D ( 1 ) ,  PHI UP ( I )
59 0  — —— I F ( Z ( I ) . G T . Z P A S )  E HA V = E H A V + 14 C 2 *
?c ’ l —— — 1 TS 7GN E(i)~~(P-1I UP (I)+ PHIDWN (1))~~DS ( I)/ (2.O38E+8~~8M (I ) /vTOT
5 92 ——— IF (l (I ) .GT .1PAS ) E H E A T (J )= E H EA T (I ) + E H P A S
293 ——— RE [iEXC (1)=RED EXC( I)+ (PHI U P (I)+PHI()WN( 1 ) )~~ZDX (I)

>
5 Q 5 — — —  76 C O N T I N U E
296 —— —
5 9 7  — — —  C ’ ~~~~~ PR OD .  OF SE(DN~~~A R Y  E L E C T R O N S  FOR E> 1 7  E V  ~~~~~~~

ass  — — —  IF ( J — 1 7 )  8 2 , 7 3 ,7 3
7 99 —— — 73 ~ A X = ( J + l 7 ) / 2
3 0 0  — — — T N 2 I O F a O .0
301 — — —  TOZION=O. 0
302 — — — TO X T ’ON=O.O
3•Jj  — — —  C — — — —  EN E RGY LOOP BEG INS HERE — — — —

304 ——— 00 87 MM = 17 ,MAX
EM =M M
E M = EM— O.5

307 ——— EM 2=E~~~E M
306  — — —  SJ= J
309 ——— EMJ :EM/SJ

~10 —— — EMN 2~~W (1, 9)/EM
311 EM 102 W (2,8)/EM
312 — — —  EMO X W (3,B) /EM
3 1 3  ——— C ? ? ’ ?  I O N E N 2  — —  E N E R G I E S  AT W H I C H  S E C O N D A R I E S  A R E  C R E A T E D
314 — —— C ? ? ? ?  FOR N ? I O N S  SEE G R E E N  C S T I J L A R . S K I
3 15  —— — I O N E N 2 = M M — 2 0
316 — —— IONEO2= MM— 1 9
317 ——— 1O C~EUX MM— i 6
318 — — — 00 FA C= ~~O/EM2
3 1 9  _ —

~~~ N21ONS = QQF4C~~A O (1,9)4EHN2 ~~~P (1 ,9)*( I.— EMJ O~~GAM (1,9))~~~
320 — —— 1XNG(1 ,9)~~EMJ °~ OME G (1,9)
371 ——— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3~~2 ——— IX H U ( 2 , 8 ) ~~EMJ~~~UM E G ( 2 , 8 )
32 3 — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3? ’ .~~~ - 1X N U ( 3 , 8 ) ~~iMJ~~~UM E G ( 3 , 8 )
325 — — —  T N 2 l O N = T ~~2I CN +N2IO N S

3’~ — —— TO2IiJ’~= T3 2iON +U2IONS
3 2 7  — — —  T I J X I O N : T O X I O N + O X I O N S
328 —— — C~~SSSs$S$ A LT. LOOP BEGINS HE R E S%$S
3 29 — — —  00 86 I=M1 ,I M A X
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(33 — — —  S E C N 2 P~~N 2 I D N S Q L N 2 (  1 ) o ( P H I U P ( I ) + P H I D W N ( i ) )
SE C O 2 P ~~~O 2 I O N S ~~~l O 2 ( 1 )$ (P H l U P (1 ) +P H I 0W N ( 1 ) )

i 32 SECOX PrOX IQNS C IPX (I )0 (PH1 UP( 1 )+P H IUWN U ))
P R U O U P ( I ,  I O N L O X )  = P R ! - ( J U P C I ,  1 LiNF DX )  + . 5* SEC QXP/A VMU
PRU DWN (i,IUNEU X )~~PgCDW NlI,1IJNFD X) ..5O SECOXP/AV M U

3 3 5  — — —  l~ ( 1 O N F U 2  .LF.  0)  00 TI) 1086
3 36 — — — PPUDWN (I,IONE O 2 )=PRODWN (I, 10NE0 2 )+ .5*SECG2P /AVMU
337 — — —  pR U DU P (I,IONED2 )~~PRDDJP( ),IflNE32)4 .5~~SEC Q2P/AV IlU

IF ( I O ~~EN2 . L E.  0)  GO T O 1086
~39 — —— PRODU P (I, IDNENfl= PRO DUP (I,IONEN2l4.5~~StCN2P/4VMU
3 4 0  - —— P R Q D W N C I , 1 O N E N 2 ) = P R O D W N ( I , I O N E ~4 2 ) + . 5 * S E C N 2 P / A V M U
341 — —— 1086 SN 2 ION(I)=SN ZION(1 )+SECN 2P
342 —— — P S EC II )=PSEC (1)+S E C PX P
343 — — —  88 SE C ION(I) =SEC IO NCI )+SE C N 2 P+S E C U 2P + SEC IJX P
364 ——— 87 CONTiNUE
345 — — —  C?$?$?S END ENE RGY AND ALTITUDE LOOPS ? S ? $ ? S
3 4 6  ——— I F ( I S W . N E . 2 )  W R I T E ( 6 ,3 2 6 )  T N 2 IO N , T G 2 1 O N ,  T O X I O N
34 7  — — — 82  J J — 1
3 6 *  — — —  I F  (J  . L T .  J M I N )  GO TO 83
34 9  — — —  (.0 To 23
353 — — —  C/ / I / / I / I / I  M A IN  C A L C U L A T I O N S  END HERE / / / / / / / I / / / /
351 — —— 80 CO~~T1NUE
3 5 2  —— — ZRtDEM :0.O
i~~3 DO 95 I: M 1 , I M A X
3~ ’’+ — — —  E H E A T C I ) = F H 6 A T ( I ) ~~~ V KU
3~~5 ——— SUMSUV : (SU~iUP (1)+SUM DWN(I))
35 6 — — —  SUMN ET - (SUMUP (I )— SUHOW N (1 ) )
3 7  — —— R~~0 E M ( 1 ) = R E D E X C C 1 ) / ( 1 . 3 2 + 4 . 3 s E — 9 * Z N 2 ( I ) )
3~~d 

— — —  Z R E D E M = l ’ ~E D E M 4 R E 0 E M ( i ) ~~1.O E6
35~ — — —  l F ( I S W . E . ~.2)  GO T O  95

j F ( I . E~J . M 1)  i R I T E ( 6 , 3 2 ’ .)
3~ - 1 — — —  IR ITE (6,311) I,ZII ),SUM SUM,SJMN ET,SUMUP (I ),SUM DW N (i),EHEAT (I)
362 — — —  > .R E D E X C (  I )  ,TPR UO( I) .PSEC ( 1)
3~~3 ——— 95 CON TINUE
364 —— — J F ( I S ~~.NE.2 ) WR 1TE (6,3C3 )
36 5 ——— IF (1Sw .NE.2 ) WR ITE (b, 304 ) EFLUX, E TO T , E H A V
3e- 6 ——— I F C I T E S T . N E . O )  W R I T E ( 6 , 3 3 7 )  I T E S T
367 — — — 26 FQRMA T (lr ( ,BX ,5M TN 2SA,BX ,5HTO 2SA , 7X ,5HTOXSA ,8X ,bHN2SI&S,7X ,6 H0 2 S i G
3f-ó — — — 1S.9X ,6HOX SIGS.6X, 6HIJ1DSIO ,6X, 6HO1SSIG ,6X ,6HO3S SIG)
369 — - —  27 FORM &T (1H ,9E12.3 )
370 — — — 303 FCj~~MA T (/3X,~~E FL UX * ,5X ,~~ETOT* ,5X,~ ’Eh4V*/)
371 — — —  304 F O R M A T E E I O . 3 )
372  — — — 305  F O R M A T  ( 6 F 10 .6 )
373 — — —  310 FJR~~AT (1ri ,4XIHI, 9X ,1HZ,SX ,ÔHPHIDWN, 6X,5HPr IIUP ,7X
374 ——— 1 ,*PROD* ,7x,~~PROflLL P *,7X, *PRUOwN * ,7X, *EHEA T * )
375 — — —  311 F P R M A T ( l r $  , 15 , F 12 . 1 , 12 - E 12 .3 )
376 — — — 31’. FOR MAT ( / / / 1 r $ 1 , 15 X ,~~T I-1IS jS THE PHO TOE LECTRON FLUX FOR ENERGY
3 7 7  — —— I J=* , I 3 , 2 M E V )
3 7 8  —— — 320 FORM AT (1H ,7X,THL ,13X ,6HPRUDLJP ,11X ,6HPROOWN ,12X,4HPRUD)
379 — — — 324 F O R M i~T (1H ,3X,~~I * ,9x, *A LT~~,bX ,*5UM3UM* ,6X ,* S U M N E T * ,6X,

• — — —  1 *SUMUP ,6X, *SU~4DWN * ,6X, *t:r 1EA T 0 ,6X ,Q P •E DEX C*,6X,oTPROD* )
3~~1 — — —  326 FORMA T (1H ,3E15 .3)
3 P~~ — —— 330 FO RMA T (12I10 )
3~~3 — — — 335 F O R M A T ( 3 ( I P E 1 S . 4 ) )
3~~4 ——— 336  FO~~’ 4 A T ( 8 ( I P F 1 O . 3 ) )
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~37 Fr k~~A T oNt? OF P15 ..ITH (IS EN EMG Y LL’SS >1 CV *,J4 )
R E T U R N

5~~7 — — — E N D
(98 — — —  C • ....<PSIRIO>........
3~I9 — — —  S U B R O U T I N E  T R Z S ( I D I R , M 2 , M , J , M T , B M , B G , Z , I M A X , D H )

D I M E N S I O N  P j 3 ( 3 ) ,A ( 3 0 0 ) , B ( 3 0 0 ) , C ( 3 0 0 ) , D ( 3 0 0 )
CD M MON /T R I/ U0 ( 3001 ,PRODW N( 330 ,  100) ,PRUDUP( 300 , 100),

1 PHIDWN (300 ), PIIIUP (300),T1 (300),T 2 (300 ),DS (300 )
DIMENSION l (300),BM(303),bO (300)

5 °’. — — —  CUMMCN /PANGS/ L PAS , PA SK ,I P 4S ,IPA SC , FPA S
U A T A 1 5 W , FA (2 , JS N , JSW , V I l ER , Ml ,ZPRIN .ZZzz

1 / 1 • 0 , 3 , 1 , 75 , 1, 300 .1000 /
( — 7  — — —  I~~ . i r ( I M A X + 1 ) / 2

I 1 X M ~~jM A X + 1~~vT
1 4 X ~~1 : I M X M _ 1
IMX M 2 :I M X V — 2

.01 — — —  C U t E .  DO LO OP FO R i T E R A T i N G  TH E S O L U T I O N S . . .  PHID~~N IS S O L V E D

.02 — — —  CUEL U S I N G  T R I D A G  S O L V E R  F0~ ONE HE MISPHERE, PHIUP 15 SOLV ED
C L U E .  A N A L Y T I C A L L Y  ICi U P P E R  S O Y  IN C O N J U G A T E  H— S , PHIUP FOR
CC i t t .  ~ .H .S  1$ FUJND JS INC. T R I D A G ,  T I-lEN PH IOWN IS SOLVED A N A L Y T I C A L L Y
((ILL BAC’ ( ALONG THE F i E L D  L i N E
C , , , ,  C O E F F S  FÜR T R I D I A G  S O L V E R  1 M P h  ,,,

D[~ 40 j= M 2 , M
0 F L 7 = 2 ~~DS ( I)
I F (1 D I ~~.E Q .—1 ) DELZ~~2~~DS (I+1)

.10 — — —  DLB~~JS#~* (BM(I+ 1 )— M(I—1)) / (8M CI )*OE 1Z)

.11 — — —  C• :ISWO iSG(I+i )—BG (1—1) )/ (2~’DH )
- , .12 — — —  J5LP ~~~JSW °~~~(E ~M ( I+ 1 )—2 ~~BM (I )+BM(I—1I )I(DE LZ *~~2*BM (I))

.13 — —— 1 —O L 5~~D~~C4DL~~*DL8

.1’. — — —  DO 5 I’( j,3

.15 — — —  I J = 2 — I K

.10 — — —  I F ( I O I R . E Q . 1 )  P U D ( I K ) = P R O D W N ( I — I J , J )

.17 — — — 5 I F I I D 1 R . E 0 . — 1 )  P U D ( I K ) = P R O O U P ( I — I J , J )
PUOCON PRCUUP ( I ,Jt

.1 9 ——— I F ( I D I R .E Q . —1 ) PUD (ON=PROD WN( 1 ,J)

.20 ——— U PR I ID IR *( PRJ D( J-+1)—PR J Dt i— 1))/ ( 2*DELZI

.21 — — —  U P R 2 = I D I R * ( P U D  ( 3 ) — P U D ( 1  ) ) / D E LZ

.22 — — —  P H I = 4 . / D E L Z * * 2

. 23  — — — A LP HA ~~— ( T 1 ( 1 + i ) — T I ( l — 1  1 )/DELZ/T1 ( 1)
——— B E T A ~~IDIR* (—T2C I )*A L P H A — C T 2 ( I+ 1 ) —T 2 (I — 1  ))/DFLZ)—T2 (I)**2+

.25 — —— 1 T1 (I)*~~2
VU )~~(PR0C (I1I2 )* ( T l (I J — T 2 1 I )— A L P H A ~~1Q J R )—D PR 1

. 27  — —— 1 4 P U D ( 2 ) * ( — A L P H A * I D 1 R — T 2 ( i ) ) — D P R 2

.2 8 — — —  1 — PJDC3N’~T1(I)

.59——— b E T A = B E T A + O S L B— A L P H A ~~DLS+0LB~~O L 6
-

- .30 — — —  AL P~~A :(A L PHA—2 *DLP + DBG) /DELl
.31 —— — D ( I ) ~~D ( I ) + D L S ~~( 0 R O O ( I ) / 2 + P U D ( 2 H * I O I R
.32 — — —  ((I )= PHJ+ 4LPI1 ~

(I )~~_ 2 .*PM I + b E T A
. 4 ’ . — — —  A (I )~~P H I — A L P H A

I F (JSN . 1 Q .1) WRI T F(6 ,3 11 ) I, Zt- I 1,ALP HA,B ETA,OPR1,DPR 2
• ~~~~ 

— — —  I , C  1 ), 8(1) ,C (I I .0 C i )
.37 ——— ‘.0 CONTINUE
.36 —— — C.... END OF D.E. CO E F F S  — — —  SOLUTION FOR NEAR H—S ....

I F C I O I R . E Q.— 1 ) GO 10 10 - -
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G~ - / 2 7 /

~4 Q — — —  U ( M ? ) ~~D ( M 2  ) — A ( M 2 ) * P H 1 C W N ( M 2 _ 1 )
U(M) r O (M)—C (M ~~)Pr1JDW N( M 4 1 )
CAL L  T R 1 D A G C P ~i 1D W N , M 2 ,M,A,b,C ,D )

C :~~:::::: PI--(IUP IS E V A L U A T E D  A N A L Y T I C A L L Y
00 60 I r M 2 , I V X M I

4 - ~,5 — — —  T,~ ’:T2 (l I — .5~~( E ~M ( l . i ) — 5 M ( J — l ) ) / ( R M ( 1  )~~D S ( l ) ) * J S ~
P 1= (T1 ( I )~~PI-1 I D W N C  i )4(PRDD ( I)42 .~~Pk ED UP ( I ,J) ) / 2 . ) / T 2 M
PH1U~~(1 )= R 1 + ( P H I U P C I — 1 ) — R 1 )c ’ E X P (— T 2 M O D S C I ) )

4 - ~~0 — — —  I F C I . c O . I DA S + 1 )  PH 1U P( 1I :P IIIU P (I ) * (1 — F P A S )
50 C O N T I N UE

R~~T L) RN

~~~ — — —  C~~~~~~’ C U N J U G A T E  S O L U T I O N S
— — — 10 U (M 2)= D(M 2I_ A (M 2 )~~PHZU 2 (M 2_ I )

4 3  --- ~)(H) :O(M)-((M) HILJ PU~+1)
C A L L  T~~1O A C C P H 1 U D ,M2,M,4.B, (,Q)

~~ 5 — — — C:::::::: PHI DW N I S E V A L U A T E D A N A L Y T L C A L L Y  : .~~
00 160 1= ’~1,I~~X M 2

K r J ? ~’4X—J

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
R1 (T1(K.)~~PHJ U P (K)+ (PROD(K)+2 .~~P Pu Cs ~N C K  ,J ))/2.)/T2P

• ~~~~~ — — —  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4~~j 
— — —  I F (K .F~~.I P A S C — 1 I  P — (fD~.N (M )=P -11O b ~~ (K)~~(1—F PAS)

16-) C O N T I N U E
•- - 3 - —— jIl F J k M A T ( l t l  ,15 ,F12 .1 ,1?EI2 .3)

R E  T U R N

~ F4D
4~~~& — — —  C
467 ———  SUt~~UU TINE T R I D A G (D E L T A , I ~~,1, A ,~~,(,O)

C.... F J R  SO LVi N G A SY STE M OF L I N~~~R S IMU LT A N FL J L’S E Q U A T I O N S  W I T H  A
— — —  C t R I D I A 0O~~A L C D i F F  M~~T R 1 X .  T HE ~cr~s ARE N U M b E R E O  FROM IF TO L ,

4 7 0  ——— C L tHEIR S U R— O I ~~0. , 0 4 0 . , L  S J P E R — O I A  CO EFF S. A RE STORED
-.7 1 ——— C iN THE t~R R A Y S A ,BL C

O 1~’EN SI [J M A(?OC ),B (3O0),C (~~OO ),D (3O0)
4 7 3  --

~~~~~~ D I ~~EN S13N A L P HA (300 ),DFLTAC303 ),GAMMA (300 )
C COM P UTE I N T E R M E D i A T E  A R R A Y S  A LPHA C GA Mr ~A

47 5 — —— 4L P-~A (1F )~~8 (IF )
‘ .76 — — —  G A M M A  C iF I ~U( I F )  / A L P H A  C i F )

~77 — — —  I F P 1= I F - . 1
00 1 I :IFP1.L

479 — — — 4 L P H A ( I ) = B ( 1 ) — A ( 1 )~~C (I—l )/4LPH A (1—1 )
G A ’ A C i )~ i D C i )— L (Ip~’ G A M ” A C 1 — 1 ))/ A L P H A ( I)

4 8 1  — — — 1 C T N T J N J E
C C’~MP UTE F 1 N ~~L 5O L L JT IUN VEU[)R V

D~ L ltd L I rG A M M A  C

4 3 4  ———
4~~5 — - - — 31) 2 K~~~l , L A S T

I~~L — K
• - 4 9 7  — — —  L T A (1 )~~G 4M M A (1 )— C (I ) 4 O E L T A ( I + 1 ) / A t ’IUdI)

2
R E T U R N

493 - — —  END

I J~~N r~A T A S ~ET IS ~~ UUT TO BE ~ R i T T [ N
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t I T , 0 = P L I B , D N = R S T M ,OL
I — — — C IR5TIM ) . 
2 — — —  SU B R O UTINE T F J J (J, ILJ, 1PR ,N ,TI, F ,JB,JB5 ,V )
3 — —— C***~ THIS SUBR SETS uP ERROR ENS. OF THE T I M E — D E P  ION AND
4 — —— C**** ELECTRON TEM PS , FOR SUB SE CUEN T SOLUTION BY THE NEWTON
5 — — — ~~~~~~~~~ I T E R A T I V E  PROCEDURE. THE SOLUTION IS OBTAIN E D IN ORl~iDG
b — — —  (~~~~~~ * M A G N E T I C  F i E L D  CO ORD S FOR A COMPL E TE DIPOLE FI E L D  LIN E .
7 - — —  C . . .  I F L U X = I U N  H E A T  F L U X  FDR E N E R G Y  C O N S E R V A T I O N  T E S T

-; 8 ——— C... K E . K I = E L E (TRON ,ION THERMAL CO N D J C T IV IT Y ;  TE~~FLE (TRON TEMP
9 C . . .  UE E L E C T R C i N  D R I F T  V E L Q C I T Y . L ,~~rL fl S 5 / CA 1 N  OF TH E IONS

I0 — — — C... L,Q,~~L 0SS/GAIN O~ IONS; PPP !M P L I ( I T— E X P L IC I T
11 ——— C... ELEC T R ON AND ION DEI~SIT IFS; V = V E L O C 1 T Y  IN DENSITY
12 — — —  C... SOLUTi ONS BUT IS USED TO GET STEADY STATE ELECT RON TEMP HERE
13 — — —  C... HFLX :~1EAT FLUX IN EV
14 — —— I M P L I C I T  R E A L  ( A — H , K — L , N — t )
15 ——— R E AL L,DT,DH ,THF ,E PS, IFLUX,TF
la —— — D I M E N S I O N  KE (3), K I C 3 ),TE (3 ),UE (3)
17 ——— D IMEN5I QN N ( 4 , 3 0 0) , T I ( 3 ,3 0 0 ) ,F (2 ) , L (2 ) , Q (2 ) , P P P (3 ,3 ) , V (2 )
18 — — —  C O M H O N / V N / U ( 2 . 3 0 0 )  , B & t 3 0 r 1) , B M ( 3 0 0 )  , G R ( 2 , 3 0 0 )  , R( 2 , 30 0 ) ,S L ( 3 0 0 )
1 9 — — — COMMUN/ND/ON (?00),HN (300) ,N2N (300),02N (300),PH1ON (300),TN (300 )
23 — — —  C 0MMCN/ALT/ l (30~~) ,JMAX ,JMA X I ,DT ,D H ,THF ,ITER ,E PS ,ION ,T F ,ITF

—— — COM M ON /SAV /NSA V E (2, 303) ,T 1SAV (3 , 300),F Y (2 ,300) ,UN (300),E’iT(300)
22 — — —  COM ~~U N / ~~QM / J O N , J L L ( 5 ) , J U L ( 5 )
2 3  — —— COM M O N /C P R IN / H F L X C 2 , 3 0 0 )
2’. ——— DATA BK , BCLTZ ,JRIT ,NHF,5TS ,DL3 ,0L2
25 — — —  1 / 8 .63E—5,1.3801E—1 6 , 0 , 0., 1.,— .02798 , 3./
26 — —— 0H2=2*DH
27  ——— I P ~~~3
28 ——— C . . . .  S L O S S  F I N D S  I M P L — E X P L  M I X  OF F L E C T R O N  AND J ON D E N S I T I E S
29 — — —  C... STS=0 FUR STEADY STATE SOLUTION; ICNT IS A COUNTER
33 — — —  C... 8MM 15 USED TO N O R M A L I Z E D  THE HEAT FLUXES TO 1000MM ALTITU DE

- CALL SLOS S (J, ILJ ,N,T 1,PPP,L,Q )
32 ——— IF ((J.EQ .2).AND. (ILJ .EQ .0)) ~R i TE (6,58)
33 —— — IF (ITF .EQ .3) ST-S=0
3’.——— IF (ITF .NE .3) STS= 1
35 —— — IC NI=I C N T+ 1
35 — ——
37 — —— 1F (ICNT.NE .1) GO TO 100
38 — —— DO 93 IK = 1 , J MA X O 2
39 — — —  IF (Z (IK).LT.1000) I F = I K
60 —— — 90 I F C Z C I K ).LT.1000) BM (~~BM (IK)
41 - - —  100 CONTINUE

C.... CONVE RT E ’IT TO (.0.5 UNITS (EROS) KE i iS LOSS RATE FROM ELEC S
63 — — —  C . . . .  TO I O N S ,  G R A U T  ~ D 1VV ARE CONVECTION TERM S FROM DENSITY PROGS
44 ——— E R G 5 ~~E~1 T ( J ) * 1 . 6 E — l 2
4 5 — — —  NE O PP(1 ,2 )+P PPC2 ,2 )+NC 3,J )

N F V : P P P ( 1 , 2 ) + P P P ( 2 , 2 )
47 ——— N1=PPP (1,2)/15+PPP (2,2)+N(3 ,J)/30

‘-.8 — — — K E I ~~1 .2 3 2 E _ I 7 ~~N E * N i * ( T I ( 3 , J ) _ T I  ( 2 , J ) ) / ( T 1 ( 3 , J ) * s 1  .5)
69 ——— ~~~~~ H EAT LOSS DUE TO LOSS 

~~~ 
P A R T I C L E S  ~~***

~o —— — HU . J= 1 .5 * B D LT Z*T I ( 3 , J) * (Q (  l )+ .~~(2 ) — L (1 )~~~P P P (  1 ,2 I —L ( 2 ) °P P P (2 ,2 )

B C, 5~~~~B (~ C J )

8(.O P(,~~5 G ( J ) * ( B G ( J + 1 ) — F , G ( J — 1 )  ) / 0 H2
-
~ Si — — —  bG bD B~~B G ( J ) * ( B M ( J + 1 ) E 1 M ( J _ 1 ) ) / ( D H 2 * 8 M ( J ) )

T E 2 = T i ( 3 , J )
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55 -- - — T N J = T N ( J )

56 — — —  ‘ UT E r S O R T I T E ? )
( — — — — IF lLJ~~3, L O C A L  E N E R G Y  bA LANCE FOR IF R~~OU I k E U ,  JUMP 10 T~ S E C T iON

55 — — — IF(ILJ .EQ.3 ) (.0 T O  1 3
59 — — —  C..... EL~~(TRON AND ION THERMAL C O N D U C T IV I T Y I M E , K I )  AND D E F I N E  TE
60 — — — C ...  R E E S C R O B L E  5 . P .R (1975 ) ~2i4; KE,KJ ,UE A RE EVALU TED AT 3 POINTS
61 — — —  C... TO ALLOW GRADIENTS TO BE C A L C .  KN G I V E S  THE R E D U C T I O N  OF ME
62  — — —  C . . .  DUE TO N E U T R A L  C O L L I S I O N S ,  S EE A L S O  R E E S i p ~O B L E

7 DO 12 1=1 ,3
JT= J— 2+ I

‘ 5 — — —  NET~~PPP (l .1)+ PP PC2 ,I )
6o — — —  TE (1) :TI (3,JT)

• 57 —— —  UE (II= (FY( I ,JT )+FY( 2 ,JT ) )/N ET
So — — —  S Q T E 5 ~~RT (TEI i ))

— — —  K N 2 i ? .B 2E_ I 7~~SQ TE_ 3 .61V_ ?1* SO TE ~~TE(I ) )~~r.2N (JT
)

K 0 2 = ( 2 . 2 E — 1 6 + 7 . 9 2 F _ I b c S Q T E ) C 0 2 N ( J T )
KO~~3 .4 E — 1 6 ~~O N C J T )

72 ——— KHE~~5.6F—16*NHE
73 — —— KH= (5.47E—15_7.45E—-1 9*TE (I))~~HN (JT)
7’.———  KN= 3. 22E + 4*TEC I )~~~2~~(KN2+KU2+KO ,KHE+KH )/ (NET+N (3,JT ))

K I (  I) = 1 . 8 4 E— 8~~iP P P (1 , I )  +4~~Ppp (2 ,1 ) )  *1 I C 2  ,JT ) ~~*2 .5/NET
KE (I)=i.232E—6 01E(I )**? .5/ (1+KN)

77 ———  I F ( IR IT .E Q . 1 )  WRI TE (6,55 ) KN2 ,K02,MO,KHE ,KH ,KN, K I(I ) ,KE( I )
7o — — —  12 C O N T I N U E

S 0 T E = S ~i R T ( T I ( 3 ,J 1)
D O —— — C 

C . .. . T I  ER ROR F N C T S  I .E .  ION T — O E P  T E M P  EQ N . . . . .
02 — —— D T E  = ( T I C  2 ,J+ 1 ) — T I  ( 2 ,  J— 1 I I /0 -1 2
59 ODTE (TI (2 .J+1 )_ 2*T1 (2,J )+TI (2,J_ 1))/(Gri**2)

- IF (ILJ.EQ.O) HF LX (1,J) =—Bi1 K~~K I(2 )~~BG(J )~~DTE/ (1 .6E—1 2*BM (J ))
TENCR= STS*1.5*BDL T Z~~N E* (T1(2,J )—TISAV(2, J) )/DT

86 — — —  D B G = _ B G D B G * ~~I ( 2 ) * D T E
j 37  DS0T=—BGS Q~~(I C 2 )~”iDTE
88 —— — DKE~~— (KI( 3 )_ K IC 1) )*BG S ~~*DTE /0H2
89 ———  C DKE=— 2 .5~~R G 5 O ~~K I(2)~~DTE~~*2 /T IC 1, J )

~0 — — — DBM =UG (J )*K IC ? )*BC-B DB*D T E
91 — — —  C , , , ,  L O S S  RATE CO EFF TO N E U T RA L S  (KIN) REE S I RO~~LE (1975) P220 .,,.-~~
92 ——— C , , , ,  R C E  = RESONANT CHARGE EX C HAN GE , P01 PO L A R I Z A T I O N  I N T E R A C T I O N
. 3 — — —  RCE=0.21*PP P (1,2)~~JN (J)+1.’.*PPP (2,2)*HN (J)

• 94 — — —  POLI P P P ( 1  , 2 )~~ (6 . 6 * N 2 N ( J ) + 2 . 5 ~~N H E + 5 . 8 * O 2 N C J ) + 5 . b O C N ( J ) )
9 5 - — — —  1 + P P P ( 2 , 2 ) * ( 5 . 5 * N H E + 1 . 9 * r l N ( J ) )
q6 ——— P 0 L 2 : C O . 3 6 O P P P  ( 1  , 2) * H N ( J ) + 0 . ’ . * P P P  ( 2 , 2 ) * O N ( J )  ) * S Q R T ( T N J )
97 — — —  K I N = C S C E 4 S ~~R T ( T N J + T 1 ( 2 , J ) ) + P O L 1 + P O L 2 ) ~~ 1.6 E — 2 6
98 ———  HLOSI +K IN * (TI(2,J )—TN J )
C9  — — —  G R A D T 5 9 . 5*N FV * 8 D L T Z*B G (J ) * DT E~~ U E (2 )

- :  00 ——— OIVV= NEV *BO LTZO T I (2,J )a (IUE (3)_ UE(1)) *BG (J )/DH2_ BGBDB )
Cl — — —  F (1) TEN C R +O BG +D SC T + D KE + D B M—M EI + H L O S I + G RAD T + D IVV

9 02 — — —  C.....
C.. . .  END T I  E R R  FNS W R I T E  V A R I A B L E S  IF D E S I R E D . . . . .

0’, — —— I F ( I LJ . N E . 0)  (,0 TO 5
. 05 — —— IF (ITER .NE. 3) GD TO 5
CE , — — —  IF (J .LT.JLL(1).OR.J .GT .JUL(1))&O TO 5

.07 — — —  WRI T E (6,56) J.Z(J)
I F (j . E Q .2 )  W R J T E ( 6 , 5 0 )

(19 ——— IFUJ/9)*9.FQ .J) WR ITF-(5, 50 )
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0 6 / 2 7 ,

113 — — — W R ITE (E ,,55 ) F( l ) , T E N C R ,DBG ,DS0T , D K E , O B M , K E I , H L U 5 I , ( . RA D T
i l l  — — — 5 CONTiNUE
1 12
113 — — — C, , ,,. ,, , ,  E L E C T R O N  T E M P E R R FNS ,,,,,, ,
114 — —— DT E ( T I ( 3 , J + 1 3 — T I ( 3 ,J — 1 )  )/D r1 2
1 13 — — — C.,,, F L U X = H & A T  F L U X  IN EV N O R M A L I Z E D  TO L O W E S T  L E V E L  ,,, .
1.16 IF (ILJ.E 0.0 ) HFLX (2,J ): BHK~~’[(2 )~~BG (J )~~DTE / (1.6E— 12 ~~B M 1 J ) )
117 ——— DO TE= (T1 (3 ,J ’-1 )— 2 °Tl (3,J)~~TI 3 ,J—1H/ DI1 o~~2)
11~ — — — C ELEC— N EUT ELA !. CULL Lr .SS R A T E S  5 L N ( 1 9 7 8 )  R E V  G E O P H Y S  P366
119 ——— 13 T 1 ) I F = T E 2 — T N J
120  — — — LCN2 :1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
12 1 — — L~~O 2 I  .2 1E_ 1 5* ~~E 0 C 2 N ( J ) ~~ ( 1 + 3 . 6 E — � Q S Q T F ) ~~S C T E~~T D IF
122 — — —  LFO 7 .9E—1 9~~N E ~O N C J )~~( 1+5 .1E—4°TE 2) O S C T [ O T D I F
1 2 3  —— — L E K r 9 . 6 3 E _ 1 6~~NE~~H N C J ) D (  I — I  . 3 5 F — 4 ~~T E 2 ) ~~S~~T E ° T O I F
124 — — —  Ct~f~~ R O T A T I O N A L  L O S S  R A T E S  B L K  268 ~* #UP
125 — —— LRN 2= 2.0E— 1 4~~M E~~N2N(J)~~TDIF/S QTE
126 — —— LRU 2= 7.DE—1 4~~NE~~O2N (J)~~T0IF/S QTE
127 — — — C+++ N? VI B LOSS R A T E S  3CM P268 AND SIN P36’. -‘ -f~~

EF= 1 .O6E+4 +7 .51E+3~~TAF 4H (1 .1E~~3~~(TE2 ~~18O0))
12 9 — —— 0E 3300+1 .233~ (TE2— 1OOO )— 2.D56E— 4~~(TE2—1O0G )~~( TE2— 4000)

LV1i 2~~—2 .99E—1 2~~N E ~~N2N( J )~~FX P ( EF~~( TE2— 2000 )/
13 1 — — —  1 ( �00~~~T E 2 ) ) ~~ C E X P ( — & E~~T D I F / ( T F 2 ~~T N J ) ) — 1 )

• 1~~2 — — — C~~S~~S 02 V 19 L O S S  R A T E  SIN P364  ~~~~
1 33 — —— r1S=330D—8 39~~S IN (1 .91E— ~s~~(TE2—270O))
13 4 — — —  LVO2 _ 5 .196E_ 13~~N E~~O2N (J )~~EXP (HS0CTE2_ 70O)/ (7OO ~~TE2 ) I
135 —— — 1 ~ (EXP (—277 0 ~~TD IF/ (TE2~~TN J ))—1 )
13~ ——— C
i~~7 —— — C ; ; ; ; ;  FINE STRUCTURE EX C I T A T IO N S  SIN p365 ;;;;;;
1 36 — — —  C;;;;; NOTE THA T D1 ,D 2 , E 1  ET C .  M A Y  NEED T O  BE C HA N G E D
139 — —— C;;;; NOTE 11-141 4 TERM IS ADDED TO NE AT LOW ALT S ~0R 02+ , N1i+
14C —— — DI=EXP (— 22 8 /TNJ )
14 1 ——— D2 E X P ( — 3 2 & / T N J )
1 42 — — — E1=EX~~(— 22S/TE2 )
163 — — — E2=EX P (— 32 6/TE2 )

¶ 1 44 — — — E3 EXP (—98/TE2 )~~D 1
145 — —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
146 ——— I T D I F ~~(2.019~~D 1+ C 22B/TE2+2.019)’E1))

• j67 ——— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 48 1 TO IF~~(1.8998~~D2+ (32&/TE2+1 .8998)crE2))
149 — — —  LF3~~2.22E— 7~~T E 2 ~~~0.7S8~~(0 .008°CD2—E 3 )—5 .91E—9 ~
1~~O —— — 1 TDIF~~C2.? 68~~D2+ (98/TE2+2.268)’~E3))

1~ •1 ——— LFO :5+3~~D 1 +D 2
152 — — — LFO=—8 .629E—6~~(NE+0.E8~~EX P (— .05+ZCJ )H~~ON( J )~~(LF1 +LF 2+LF3 )/ZFO
15 3  — — —  C + ++÷  F INE S T R U C T U R E  OF 13 (0 STA TE ) SIN P3~~5 ++ + ++ .

15’. —— — D E = 2 . 4 E + 4 + 0 . 3 ~~( TE2—1 500 )—1 .947E—5~~CTE2 —1 5OO)* ( TE2— 6000 )
i~~5 

— — —  LF10 —1 .57E—1 2~~NE*ON (J )CEXP(DE ~~(TE2—3000)/C3000~~TE2))
15 6 — — —  1 ~ (EXP(— 227 13*TD 1F / (TE2OTNJ ))— 1 )

IFULJ.EGt .3 ) GO TO I’.
15 8 — — — C,,,. END OF E L E C T R O N — N E U T R A L  LOSS RATES ....
F9 — — —  T E N C R = 5 T S ~~1.5~~t3DLT Z*NE~~(T I (3,J )—T ISAV (3 ,J ))/DT

• lSti — — —  06G :—EGD E .G~~KE (2 )~~D T E
16 1 — — —  D5 T :_bG5 Q0~(E (2 )~~O DTE
l ’ 2  — —— UKE —(KE (3 ) KE(1 ))~~B GSQ~ DTE/D H2
1’3  — —— O B M : B G ( J ) ~~K E ( 2 ) ~~&C,BDB~~DTE
~~~~~ — — —  14 KEN= LEN2 +L€O 2+L EO +L EH+ LRN ?+ 1~ fl2
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1 65 — — —  HLUSS (KEN +LVN2 +LV O 2+L FU+L FID )°1 .6E— 12
C V (1) 15 F O R M E D  F O R  BO Y C O I N  AND PREDICTO R

1 67 — — —  v(I )~~E kG S— H 1 0 S 3 — K E I
1 65 — — —  1F(ILJ .EQ. 3 ) R E T U R N
1~- 9 — -—  (,RAOT=1.5 ~~N EV ”bO L 1ZQ B& (J)~~DTE ’UE (2)
1 70 — — — D IVV ~~NEV 08O1TZ~~T I(3 ,J )*C (UE (3 )—UE (1))~~EG (J )/DH2—BGfiDB )
1 7 1  — —— F ( 2 ) : T E N C R + O B G # D S Q T + D K E . O B M 4 K E I + H L O S S + G P A D T + U I V V — E R & S
172 — —— C.....
173 — — —  C . . . .  END T E E R R  FNS W R I T E  V A R I A B L E S  ....
17’. — — —  I F ( I L J . N E . 0 )  GEl TO 15
175 — — —  I F C I T E R . N E . 3 )  (.0 T O 15
176 — — —  I F ( J . L T . J L L ( 1 ) . O R . J . G T . J U L ( 1 ) ) G O TU 15
177 - -— .~8 i T E ( 6 , 56 )  J, f l J)
17o — —  W R I T E ( E , , 5 5 )  F ( 2 ) , T E N C R , O B G , D S D T ,DK E , D B M , K E I , H L C J S S , D I V V , E R G S
179 — —— I F ( Z ( J ) . G T . 1 0 0 0 )  GO T O  15
1~~0 —— — 1F ((J/5 )~~5.~~C .J )wP1 T E (6,57)
181 W R I T L (6,55) LEN ?,LtD 2 ,L fU,LEH ,LRN2
1 . 2 — — —  I ,L R D 2 , L V N 2 .L V I J 2 ,L F O , L F 1 D

1 83 —— — 15 CON T INJE
1 6-. -— —  C... TH IS SECTiON TE STS CO N S E R V A T I O N  OF ENE R GY AB OVE 1COO KM
1 85 — — —  C... THE HEAT FLUX AT 1000KM iS D E T E R M I N E D  FROM i N T E G RA T IN G  THE
1 8 t  ——— C... PRpD UCTION AND LO SS AND ALSO D I R E C T L Y  FROM TEMP G R A D I E N T

• 1~~7 —— —  I F ( I LJ.NE .O ) R E T U R N
1P~ — — —  IF (STS .NE.0) R t T J R N
189 —— — IF (J .E~~.10 ) PH I T I = 0
100 —— _ IF (J .E Q.10) P-I L T = O
191 — — — I F IJ . L T . IF )  R E T U R N

P H i T I = P ’iIT 1+UH ~~(KE I—H1OSI )/(5M(J)~~FG (J))
1.3 — — — P H I I = P H I T I~ -BM (J )/1.6E—1 2
1 ’. — —— IFLUX= r IFLX( I,I F) 4AB S (HFIX (1,JMAX 4- 1— J F ))
1~~5 — — — PH IT=PHI T+DHO( ERG!— KE I—HL PSS )/ (BM (J )OBG (J ))
1~~b —— — PH I=P HI T ’3M (J )/1 .B E—1 2
1 37 — — — E F L U X = H F L X (2 ,IF )+A B S I H F I X (2 , J M A X + 1— I F ) )
198 — —— IF (J .E~~. JM A X s 1— I F ) W R ITE (6,55) PHI,FFLUX, PHI I ,I FLUX
1 99 — - —  RETURN
200 — — — 50 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
201 — — —  1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
202 — — — 55 F O R M A T C 1 P J 9E12.2)
2 C- 3 — — —  56 F C k M A T C I 5 , F 9 . 0 )

~~~ — — — 57 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2~Th — — —  I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 0 6  — — —  58 F Q R M A T (o E N T E R  T F I J ~~)
2 ’ 7  — — — END
2(5 ——— C°SLUSS’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S U B P D U T I N E  SLUS S ( J ,J L J , N ,T I , P P P ,L ,Q)
2 15 ——— C.... SUb ROUTINE SLOSS CALCUL AT ES ION PROD. 1. LOSS....
211 — — —  C... THE D R.OGRAM A L S O  D E T E R M I N E S  THE I M P L I C I T — E X P L I C I T  ION DENSITY
2 12 — — —  I M P L I C I T  REAL  ( A — H , L , N — Z )
213 — — — R E A L  Z , O T ,DH,THF,EPS
2 ] ’ .  — — —  D I M E N S I O N  N ( 4 , 3 0 0 ) , T I  ( 3 , 3 0 0 ) , F ( 2 )  . 1(2 )  , Q ( 2 ) , P P P ( 3 , 3 ) , V ( 2 )
215 -— —  COMM ON /N D /UN (300),HN (300),N2N (300), 02N (300 ),PHIDNC3 00 ),TN (300)
2 1 5  — — —  CC1 pi~# C N / A L T / Z ( 3 0 0 )  , J M A X , J 9 A X 1 , D T , D H , T H F , I T E R , E P S , I I J N , T f , I T F

C OM M IJN/S A V /N SAVE (2,300),TJSAV (3,300),Fy (2,300),UN (300),EHT (300)
21 8 ——— C r = ~~~~~~~~~~~ = : : FDR C PAN C—N TC EI LS ON == =
219 ——— C ; ; ; ; ; ; ;  C A L C U L A T E  D E N S I T I E S  AND V E L O C I T I E S
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0 6 / 2 7 /

220 I O ND 1: I O N , 1
2 2 1  ——— 00 409 1= 1 ,3
2 2 2  — — —  ‘.09 P.’P (I P 1,j)~~O
223 — — —  J O N 1
22’. — —— DO 410 I= 1 , I D N
225 — — —  PPP (I ,1 ) : (1—THF)~~NSAV E (1 ,J—1 )s T H FQN( i ,J— 1 )
2Z6 — — — PPP (I,2)~~(1—TH F )0NSAVE (I,J )+TH F ~~N (I.J )
227 — — —  P P PC 1, .~ii= (1—T -1F )~~NS AVE ( I,J+1 )sTHF~~N (I,J-+1)
22 8 — — —  PPP( ION P1 ,1 ) = D P P (  IUNPI ,1).P~~P (I .1)
229 — — —  PPP (I0NP1.2)~~~PP( IONP1 ,2)+PPP (1 ,2)
230 —— — P P P ( l O N P 1 , 3 ) ~~D P P ( I O N P I , 3 ) + P P P ( 1 ,3)
231 — — — 410 CO I IT INU E
2 32 — — — C
233 — — —  C+ ++++ C A L C J L A T E  ~~~ A N D  ~~~ T HE SOLJ PCE AND LOSS TERMS
234 — — —  CALL R A T E S (J,TI ,TN,P.1,R 2 , R 3 , R’+ ,R5,P6,R7,R8 )
235 — — —  A L 1~~1 .23E—4~~PPP C IONP1 .2 )/TI (3,J

- 23o —— — AL 2 6.6E_5~~PPP (1ONP1 ,2)/T I(3 ,J )

2 3 7  ——— C
L (1 ) R 2~~HN (J)4(~~3+R4 )/(14R3/AL2+R4 /AL 1 )

- 239 —— —  L C 2 ) R1~~~N C J )
2”u — ——  O (1) (R1 ~~flN( J )~ ’2PP1?,2 )+PHIDN(J))

; 241 ~(2) (R2 1N (J )~’PPP (1,2))-
• 242 — —— R t T U R N
:2 43 — — —  END

~TlON DATA SET IS A BOUT TO BE W R I T T E N

;IVEN , RF DOC.i E
- 

~JLT ION DAT 4 S E T  r IA S NOW B E E N  W R I T T E N

- + — + — + — + — + — + — + — +  E D I T O R  TER ~~1NA TIN 0 26/100 SECONDS IS ELA PSED TI
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06/27,

UI T , U = PL 1B. PN~~R S T ~~~ ,OL
1 — — —  C • (RSTER).. ..

—— — S U b R O U T I N E  T E R D (J , ,Q0,~~A ,QL, .~M ,CU ,LDC )
C — — — —  i f  A L  L I N E A R  INTE R PULA T ION 

‘4 — — —  i Mp L i C I T  R E A L ( A — H . O — L )
5 —— — COHM UN/ DEL Z/HL ,H U , 1 T
6 — — —  C..... DL AND ~U ARE I N T E R P O L A T I O N  P O I N T S
7 — — — C OF La IN THE ( Z B , Z J )  AND ( Z J , Z A ) I N T E R V A L S  R E S P E C T I V E L Y
8 — —— C ~1M 15 Tr I E A V E R t ~G E V # L U F  OF Q IN THE ( L J — Y L ,Z J + Y L )  I N T E R V A L

.iL= .S~~t Q B , 1~J)
10 — — —  0U= .5~~(0J+~14)
11 — — —  UM~~.250 ((OL+CJ )~~HL+ (LJ+I~J)0HU )
12 - - —  R E T U R N
13 ~~ E ND

C ,  ! “ # S  ~ ?+ , ! ‘  $ ?~Ic o ? + , ‘
~~

+ , i’ $tC~~~~ ?+ , ~~
“

15 — — —  S UbR OUTINE T E R I (J.~~B,0J ,QA ,0L ,QM ,OU ,L O C )
lb C O M ’~0N /DELL /hL ,KU ,1T
1 7 — — —  ( .. . . .  E X P O N E N T I A L  INTER POLATI O N

L F ( t Q B ~~QJ .GT .0).AND .(QJo~~A .GT .0))G0 10 100
1 9 ——— W R I T E C 6 ,bQO )

-; 20 — — —  600 F3 R M AT (~~TERO 0 )
21 — — —  C
22  100 U L = S ~~R T ( ~~9~~Q J )
23 — — — ~U~~S.~RT (QJ00A)
2’.——— C~M . 5~~r1U~~(QJ— QU)/A LGGH1 J /CU)
25  — — —  

• 
) + .50RL~~CQ L— C J) /AL OG (0L /Q J)

26 — — —  RE TUR N
27 — — —  E N D

———
29 -—— S U B R O J T 1 N E  O A V E f l U N , J ,A N L ,A~~M ,t.N U , P L , PM, PU,N ,NSAV E )
30 —— — C . . . .  C A L C U L A T E S  A N T E  AND P O S T  V A L U E S
31 —— — C.... OF I-CA LF i N T E R V A L ,  A N O  A V E R A G E
72 ——— C.... OF (ION DENSI TY )/ (M A G N E T I C  F I E L D )

IM P L I C i T  R EA L (A —t-C,N— Z )
34 — —— COMMON /VN /UCZ,300 ),80C300),BM (300),GR (2,300 ) ,GP(2,300) ,SL(300)

D I M E N S I O N  A N L C 2 ) , A N M ( 2 ) , A N U ( 2 ) , P L C 2 ) , PM( 2 ) , P0 ( 2 ) , N ( 4 ,300 )
36 — —— > ,r~SA V E (2,3OO )

78 — — —  00 100
39 — —— € .  .... A N T E  V A L U E S
40 —— —  88=N S 4VE (l,J— 1 )/BM (J—1 )
‘.1 — ——  C~~NS A VE (I,J)/BM (J)
42 ——— A = N SA V E ( I .J + 1 ) /B M (J + 1 )
43 — — —  f F (  (4 .LT .O.O ).DR. (C.LT.0.O))WR 1TE (b,11 5)
1•~ s 115 fPRMA T (~~N E G A T I V E  A N TE O )
65 — — —  CA L L .  T [RI (J ,BR ,C ,A , OL,QW ,CU,3)
66 — — —  A N L (I )= Q L
47 — — —  A N M ( I I= O M
4 0  — -—  A N U ( I ) 0J

49 — — —  C.... POST VA L U E S
50 — — —  B8 = N ( I , J — 1 ) / B M I J — 1 )
51 — — —  C~~N C l . J ) / B M C J )
52 — — —  A N ( i , J + 1 ) / B M ( J + 1 )
‘.3 — — —  I F U A . L T . 0 . 0 ) . O R . ( C . L T . O . 0 ) ) W R I T E ( 6 , 1 1 6 )
c~. ——— 116 FrRMA T (~~N E G A T 1V E  POSTO )
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( A L L  T L P I ( J , I B . C , A ,cl L . Q M ,C U ,’ .)
~~~~~ ~ L ( I ) r L a L

P U ( I ) r L U  -

59 — — — 130 C O N T I N U E
• hO  — —

t N D
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SJSRU JTI N E  C~-~~~:(ID’ ,JI,SDU~~C E ,N, N S A v E , TI ,THF)
C.... T H 1~ r~R D O R A M  D E T E R M I N E S  THE I N T E R P O L A T E D  PRODUCT ION AND LOSS

a C.... ~~ u(E.5SES . ii ’ C A L L S  R A T E S  TO GET THE R A T E  C [NSTANT S AND TER D
- ~~~~ --— C . . . .  T O  DO THE I N T E R P O L A T I O N

1 - -i - — —  IM P L I C I T R E A L ( A— H ,L.N— Z )
R E (d. TrI F

-
~~~~ 

— — —  DI M E N S I O N  N(4 ,300),TI(3 .3 00 ),NSAVEC2 ,300 ),Q( 2 ,3),L(2 ,3)
> , S U U R ( E ( 2 ) , S I N K ( 2 ) , C M L ( ? ) , U M J ( 2 ) ,CN ( 2 , 3 )

c L O r~/ V N / U C 2 , 3 O U ) . R G ( 3 C 0 ) , B M ( 3 O O ) , c , S ( 2 , 3 O 0 ) , G P ( 2 ,3 O 0 ) , S L ( 3 0 0 )

~~2 C OM M t i N / N t ) / U N ( 3 0 O ) . H~~( 3 O 0 ) , N ? N ( 3 0 0 ) , f l 2 N ( 3 O O ) , P H I O N ( 3 0 0 ) , T N ( 3 0 O )
73 — ——  C U M M L N / A L T / Z ( 3 0 0 )  ,J~~A X , J M A X 1 , 0T , O H , F H T , i T E R , E P 5 . N I O N , T F , 1 T F
7’~ — — —  C O MM U N / F O N / J O N , J L L ( di ,J U L (5 )

7~ — ——  TH P=1.0—T HF
76 — — —  00 101 1 1 , I ON
77 — -—  C N (  1, 1 ) =TH P~~N SA VE (1.01—I )+THF’~N (1,01-I)
7b — — —  C N ( I  , 2) = T r I p  O N S A V E  ( 1  • JI ) + THF ~t~a (1 ,J I )

101 C N (I , 3 )rTH P~~N SA V E (I.J I+ 1 )+T H F ~~N (I, J I+I )
C

DC~ 30 0 I-~~I ,3
J = K + J I — 2
CALL KA T E S (J ,TI ,TN ,R1, R2 .R3,R’.,R5, 86,R7,R8)

C.~~~2.) 3P U R C r S AND S I N K S  FO~. EAC H ION ARE SUMME D TOGETHER TO FORM Q ( 1 , J )
L (1,K)~~(R2~~HN( J }+R3~~N2N(J )+R’.~~U 2N( J l )0CN (1, K )
L ( 2 , K ) ~~P 1 ° D N ( J ) ’ ~C N ( 2 , k )

s~7 ~~( 1 . K )~~~( L(2 , K ) + P H 1 U N ( J) —L ( 1 ,K ) ) /B M (  JI

-
• 88 — — —  ~ (2.K1 (R2 N (J )~~CN (1.K )— L( 2,~ .))/BM( JI

89 — —— C P R IN T I N G  QF I N D IV i D U A L  P RO D U C T I O N  AND LOSS TERMS
T F (JI. IT.JL L (2 ) .OR .JI. G T .JUL(2 )) GC TO 300
I F - ( K . N E . 2 )  GD T O  303
I F (  I T E ~ .N E .‘.) 1,0 TO 300

~~~~~~~~~~~~~~~ I F ( J I. E~~. 2)  W R I T E ( 6 , 1 1 )
• ‘i’-. — — —  IF ( ( J i / 3 D ) 0 3 0 . ~~.~. JI)  W R I T E ( 6 , 1 1 )
• Q 5  — — —  P 2 9 ~~~R 20I-~N ( J )

P3 N 2 r’ 3~~N 2 N ( J )
; 7  — — —  R4 ’j 2 = R4~~3 2 N ( J )

~ 1O N R 1~~O N ( J )
W R I T [ ( 6 ,13 )  ii . Z ( J I ) , R ? r i N , R 3 N 2 , R 4 0 2, R 1 D N , C N ( 1 , K ) , C N ( 2 , K ) , P H I E 3 N ( J )
F O R M A T I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

io~ 
— — —  > , RX ,~~~N C O + ) 0 , d X ,0N ( d + )~~~,Sx ,o P H I D N~~~)

1~
)2 ——— ~3 FUP MAT(15 .F9.O,)PX?E12.4 )

• 153 — — —  300 C O N T I N U E
1 4  — — —  C.... T~~~D IS C A L L E D  TO i N T E R POLAT E
1 ( 5  — — —  00 £.00 I:i ,IUN
105 — — —  c.~B~~~( 1.1)
1~ ’ 7  — — —  QJ~~Q ( I , 2 )
1’~~ 

— — —

151 — — —  C WRI TE (6,350 ) I . J I , D B , ~~J ,0A,QL ,QM,QU

8 q

_ __ _ __ _ __ _ _ _  .
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06/2?,

110 — — —  C A L L  TE RD (J1 ,0b.OJ,QA,UL, QM,00,5)
111 — — —  C WR ITE (6,350) I ,JI,OB ,~JJ, QA, QL ,QM ,UU
112 — — — 350 fU AT(21 4,12E12.2)
11~ — — —  SDURCE( I )=QM
11 ’. - — —  400 C 3NT 1N U E
115 - — —  R ETUR N
l i b  — — —  ENU
117
11~ — — —  5J~~R U ’ J T I N E  HIJ[)€~~(J ,J M 1,J~~AX ,N ,T 1 ,R,SL)
1l~ — — —  C.... CA L C U L A T E S  D Y N A M I C  F Q1J I L I € ~R 1U M  OF H+ AND 0+ 41 PT JM1 FRU~
120 — — — 1.... 0EN~~1T1E 5 AT LO WE R ~OUNDAR Y JM1 , USINC G E O P O T E N T I A L  (,P(JI—GP (JM 1 )
1~~1 — — —  C.... O RA G I I ) IS A T E ~~I4 TA K IN (. COLLISION S INTO ACCOUNT. IT MAY BE

1.... INCLUDED LATER IN PLA CE OF , DR IN ADDITI ON IC O ICN (l )
IM PL I C I T  REA L (A—FI .N—Z. )

R EAL 8K,M G , M
12 — — —  O IM E N S L O N  M (2),O(2),E(21, RT I2 ),D9(2 ),N(4,300),T1 (3,300), PP (3)
12 6 —— —  > ,V (2 ),FLUX (2),R (2,300).SL (300)
i~~

7 ——— COMMu ’~,OE Q/01DN (2 },DRA0(2),CP(2,300 )
DATA AMU , BK , MG , (,P(2,1) , TF , AUG

> / 1.6726E— 24 , 1.3807E—16 , 3.9765E+20 , 0.0, 1 , 1 /
F40 — — —  D A T A  M/1b.O,1 .0/,MT /1/, T2SAV /0.0/
I ~1 ——— C... EV A L U A T E  GEIJ P L j T EN T IAI FOE . D Y N A M I C  F U U I L 1 B R I U M

C... flN LY IF ION TE~~P CHANG E S
Jf Q=( JMAX + 1 )/2
IF (T2SAV. FQ .TJ (2,JEQ ) ) GO TO 10

S 1=2 , J M A x
13 6 — — — T . 5 ~~(T 1 (2 ,1— 1 )+T I(2, I) )
1:,7 — — —  C P 1 1 . I )= M G ~~( .5*AMU/BK )~~(R (1,l—1 )— R (2,I—1 ))

>~~(j ./R(1,1—1 )*~~2/TH+I./R (2,1— 1)~~~2/TI (2,1—1))+GP (2,I— 1)
i~’9 ——— (,PU,I )=GP(1 ,I )+MG ~~( .5~~A M ’J/BK )A (R(2,I)— R (l ,I—1))
1~~0 ——— >~~(1 ./R(1,I ~~1)~~~2/Tt1+1./R(2,1)c~~2/TI (2,1))
141 ——— S C~~NT 1NUE
1 42 — —— 10 CONTINUE
143 ——— T2 SA V=T I( 2,JE ~~)
1’~4 ——— IF (J.F~~.1 ) RETU R N
1’.5 — —— C... Q 1ON iS ZER OED AT PRE SENT , MAY BE USED L A T E R

JIU ”~(1 J = 0
147 — ——  QI [1N (2)=0
14~i — — —  C....
1’9 — — —  NF JM I=N(i, JM 1 )+N (2,JM 1)
150 — — —  D3=NEJM 1*T I(3, JM I )/TI(3,J)
151 00 1 1= 1,2
152 — — —  RI C I ) (11(3, J) ~ T 1 (3 ,JM1 ) ) /111 (2 ,J ) +T1 (2, ,JM1 I
1s3 — — —  E l !  )=Ex P (—M( j)~~(~~p (2,J)—&D(~~,JM1) ))~~EXP (QIDN (I )~~(SL (J )—SL(J—1H)
1~~4 ——— 0 (1 ):N( I ,JM1 J~~TI (2,JM1 )~~E ( I )/1I(2,J)
155 —— —  OP(I):KT (I)/ (R1(1)+1 .0)— .5
1 56 — — —  1 CJ N T INU E
F? — — N (1,J )=D (1)°SQRT(D3/ (D (1)+D (2)) )~~(( D3/ (D (1)+D (2)))~~~DP (1))
158 —— — N (2,J )=D (2)~~S~~RT (D3/(D(1)40(2)))~~((D3/ (D(I)+D(2)))~~ ’DP(2))

RETU R N
160 —— ~~~ EN U
1 ~ 1 — - —  C , ! ~‘ P ?~~~~~~O + ? ,  ! ‘ $ ~~C ° ? ,  ! “U~~~L~~?, !“ U$~~1.°?, 1 ‘~~~~~Ec ~?,  ! “ f l $ ’U~+?

SUBR O UTI N E HOE Q(J ,JMAX,OT ,TH F, D(R , N , T f , N S A V E )
(C.... FINDS THE NEW C H E M I C A L  E QUILIBRIUM DENSITIES

1 . 4 -— — CC.... (iF 0+ AND H. AT POINT J FOR FRACT ION I M P L I C I TN E S S
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165 — — — CC.... IT ALSO C A L C U L A T E S  IF FROM LOCAL HEA T 1N G=C [)UL IN G
166 — —— I MPLICIT R E A L (A — H ,L, N—Z )
167 ——— REAL DT ,THF
168 ——— C0MMC~ /ND/UN (3001,HN(300) ,N2N (300),02N (3001,PHIONI300 ), TN(300)
169 ——— D IME N SION L (2,2),N(4,33O ),T](3,3OD),NS4vE(2,~sOO) ,V(2),f (2)
170 — —— CALL RATES (J ,TI,TN, R 1,R2 ,R3 ,R 4,R5,R 6,R7,R 8)
1,71 — — — C.... EV A LJ A T E  LOSS R A T E S
172 ——— L (1 ,1 )= (R24HN (.)+R3~~42N (J )+R4~~J2N (J))
173 ——— L (1 ,2 )=+R1~~ON (J )
174 — — — L (2,1 )=+R2~ HN (J)
175 ——— L (2,2) R1~~ON(J)
1 76 — — —  CC*~~ CA L C ULATE 0~ ~ ~1+ D EN SIT I ES FR JM PH[)TO(HEM1CAL E Q U I L I B R I U M
177 — — — N (1,J )~~PHIt3N (J )/L (1,1 )*NSAVE (1,J )~~EXP 1— L (1,1) c ~DT)
17o — — — N (2,J)~~N (1,J)~~Ll2,1)/L (2 .2 )
179 — —— C.... LOW ER BO UNDARY FOR TE USING NEWT ON TO SOLVE LOSS~ GAIN
1~~0 

— — —  C,,,, LOCAL H EA TI N G LO CAL COOLiNG IS TRA N SFERRED FROM TF IJ V 14 V (1)
181 ——— C,,,, H IN C E E ME N T FOR EV A L J A T I N G  DERIVATIVE OF VI]) : DEX =D ER IV OF ~ (1)
18 2 —— — C,,,, FEX~~V f 1 ) .  JO N T ’PI P IS SET EOUA L TO NEUTRAL TEMP. NOTE THAT THE
1~~3 - -— H=U .ooDI~~

T1 ( 3.J)
1R4 —— — 20 CALL TF IJ(J ,3 ,IPT .N ,TI ,F,1,1,V)

FE X =V (1)
186 — — — TI (3 ,J )=T1(3 ,J )+H
187 — — — CAL L TF IJ (J ,3,IPT ,N, T !,F,1,1,V )
18~i —— — OE X= (V (1 )— FEX )IH
189 — — —  TI(3 ,J)= T 11 3 ,J )— H— F EX /D E X
19C ——— I F ( A B S ( F E x / ( D E X ~~T I ( 3 ,J ) ) ) . G T . I . 0 E — 3 )  GO TO 20
191 — —— IF ((J.ME.1).OR .(J.NE.JP’&X )) RETUR N

TI ( 1,J )=TN (J )
T i (2,JI= TNI J )

194 ——— RETURN
195 ——— END
196 ——— C~ PR 1N T~~~PRIN T4~ PR INT PRINT PRI N T PRINT PR!NT~~°PR !NT~
1~)7 ——— SU B RC JT INE PR.INT ( I PMX, IP ’U D ,Z,J MA X, N ,T I,I TAU, ITER ,IDSC,U,F Y ,A)
19~ —— — C.... TH IS ROUTINE PR INTS N AND U 4QRAY S
199 —— — IM P LICIT REAL (A— H ,L ,N—l )
2~)0 — —— REAL Z,DT,DH , THF ,EPS
201 ——— DI M ENSIO N A (4.300),N (4,300),Ti (3,300 ),Z (300),FY(2,300),1J12,300)
202 C 0M M 0iN /C P R IN /~4FLX (2,300)

J 2o3 —— — 1W 300=0
2~~’ ——— WR ITE (IOSC ,200 ) ITEP , ! T A J
205 — — 2C0 FQRMA T (2OX , *ITER :~~,I3 ,5X , T I M E~~~,I6,3X ,O5E [S~~/ /)

W RIT E (IDSC ,103 )
207 — — — 103 FDRM4T(I X ,~~ALT I T~~,4X.*J+ ,7X,*N (O+)O ,BX ,~~N (H+)~~,8X,~~T IO ,8X,~~TEO
2”8 —— — 1 ,4X,~~O+ VF L~~,4x,4H4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2’9 — — — 1 ,tHFLX2~~/ )
210 —— —
211 — —— 00 100 J~~1 ,!PMX
21~ — —— IF IJ.EQ. 1 ) GO TO 102
233 — — — IF (Z (J).LI.D .0) GO TO 102
21’, ——— IF (MO0(J, IMOD ) .EQ. 0) G(i TO 102

GO TO 100
102 CON TINUE

217 — — —  (W300=!W3004 1
21b — — — IF (IIWJOO /30i*30 .F0 .1W3 30 ) WRI TE(I DSC ,10 3 )
219 — — —  WRI T F (IDS C ,101 ) Z (J),J,N (I,J),N (2 .J),TI (2,J),TI (3,J)
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2 2 0  —— — 1 ,U(1,J),U(2,J) .FY (1,J3 ,FY (2,J ),HFLX (1,J) ,H FLX I2,J ),.A(1,J ),A(2,J )
2 2 1  — —— 101 F O R M & T ( F 9 . 0 ,  14 , 1 P 2 E 13 .3 , 02 2 F 1 0 . i , 1 P 12 E 9 . 1
2 2 2  — —— 100 C O N T I N U E
2 2 3  — — — R~~T URN
224  — —— END
2 2 5  ——— C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
22b — —— SUBROUTINE CM INOR( J,N ,TI,FNO P ,E N U 7P )
2 ? 7  — — — C . . . .  T H I S  PRD~~RAM C A L C U L A T E S  THE MINOR ION CONCENTRATIONS FROM
2 ? 8  — — —  C . . .. (H~~M I C A L  F C L J J I I B R J I J M ; F N O P = N C N O + ) ,  ENU2 P~~rdD2+)

I M P L IC I T  RE AL C A — H ,N—Z
2~~0 — —— C U M M O N f N D / C N ( 3 0 0 ) ,HN ( 3 O 0 ) , ’~2 N ( 3 0 0 ) , O 2 N ( 3 0 0 ) , P H 1 O N ( 3 0 0 ) , T N ( 3 0 O )
2 31 — — —  D IM E N S I O N  N(4 ,300 ),TJ (3,300)
2 3 2  ——— BZPJ(1,J )+N (2.J )
2 3 3  — —— C A L L  R A T E S ( J , T ] , T N ,R I , R 2 , R3 , R4 , R 5 ,R6 ,R7 ,R8 )

( R N 2 P ( J ) / R 5 + R - . + L 1 2 N ( J ) / R 6 )~~N( 1,J )
235 — — —  N E : ( B+ S ~~R T ( B A ~~2 + 4 . 0 * C ) ) / 2 ~~

• 236 — — —  E t I D P = R 3 c N2 N ( J ) ~~N ( i , J ) / ( N ( o R 5 )
237 — —— FND2P=R 4~~U2N (J)~~N (1,J)/(NE~~R6)

R ET U R N
2 3 9  ——— E N D
2 4 0  —— —
26 1 —— — SUE~~UUT IME R A T E S ( J , T I  ,T N , R 1  ,R2, R3 , R4 ,R 5 , R6 , R 7 , R8 )
24 2  ~~~ T H i S  P R O G R A M  E V A L U A T E S  TrI E R A T E  C O N S T A N T S  FOR V A R I O U S  R E A C T I O N S
2 4 3  — —— ~~~~~~ R1, R2 A P P L Y  TO 0+ + -$ R E A C T I O N  IN 8 C T H  D i R E C T I O N S  ; R 3 = R E A C T  ION

C~~°~~ OF 04 W I T H  N2 ; R 4 =  0+ W I T H  02 ; R 5 = R E 4 C T I U N  CF P10+ W I T h  E L E C S
2 4 5  — —— (

~~~+~ R 6=REA(TION OF 02+ W I T H  E L E C S  : R A T E S  FROM TCRR AND T O RR 1978
• 2’.6 ——— ~~~~~~ R7 , RB A RE F OR F U T U R E  USE

2 4 7  — —— D I M E N S I O N  T 1 1 3 , 3 0 0 ) , T N ( 3 0 0 )
2~~ã — — — C . . .  0+ + H L O S S  P A T E S
2’ .9 — — —  R I = 3 . 8 E — 1 1~~S Q Q I IT I I2 , J ) + T l ’ I ( J ) / 1 b . O )
250 — — —  R 2 = 5 . 2 4 E — 1 1 O S Q R T (  T N ( J ) + T I  11 , J)/ l6 .0
251 —— — C,.. o~~

(4S) LOSS TO N2 AND 02 ; TORR ~1 T O RR 1978
252 ——— T13 :I6 .~~TNI J )+1.~~TI (1,J))/11.0
2~~3 —— — T1 4 lI.~~TN(J)+2. *Ti (1,J))/3.
25 4 — — —  lF (T13.GT .1700)f~D 10 10
235 ——— R 3=1 .533E—12 —5 .92E— 13* (T13/300.)
256 — —— ) +~~.6OE— I 4~~(Ti3/3OO.)~~~2
237 —— — GO T O 20
25d — 10 R? 2.73F 12 — ] .15E— 12~~(I13/3O0.)
239 ——— > 4l .483E— 13~~(T13/?00.)’~~2
230 ——— 20 R4=2 .82E—I1 —7 .74E—l2~~(T14/3O0.) 4l .073E—1 2~~lT 14 /300.)°~~2
261 — — —  > —5.1 7E— 14~~(T14f3OO .~~~~ 3 + 9.65E—16~~(T14/300. )°~~4
232 — —— R5= 4 .2E—7 C (3D0 ./TI(3,J))c ~~.BS
263 ——— Rb=i.6E—7O (300./T1 (3,J))~~~ .55

R E T U R N
265 — — —  END

4 T I ~ iN DATASET IS ABOUT TO BE WRITT E N

( I V I N ,  R E  ~‘11NE
A~~ION DA T A S E T  HAS NOW BEEN W R I T T E N

EDITOR T E R M I N A T 1N C, 27/100 SECONDS 15 ELA PSED I
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U I T ,L= P L IB ,DN=RSD FN .LJ L
1 — — — C. 
2 — —— SUBROUT iNE 0FIJ (J ,JSJ ,I~~R.P4,TI, F ,J8,J85,V ) 

K
4 — —— C THi S PROGRAM WAS WRITTEN BY EUGENE YOLJN&(1978). 11 Is RESPONSIBLE FOR
5 — —— C SET TIN G UP THE ‘ERROR FUNC TION S ’ FOP THE DENSITY ECUAT IONS . IT CALLS
b ——— C SUBR VEL TO GET V E L O C I T I E S , HODEQ TO FILL. IN THE DY NAMIC EQU IL REGiO N ,

• 7 ——— C CHEM O FOR CHE MICAL SOURCES AND SiNK S AND DAVE FOR INTERPOLAT E D DN/DT
o — — —  C IT  I N T E G R A T E S  T HE CONTINUITY EQUAT IONS TO OBTAIN FLUXES. 

K
IM P L I C I T  R E A L I t .—H ,L,N— Z )
R E A L  L ,DT ,DH ,TH F,E PS ,MA SS ,M& ,IAGM , TF

12 — — —  i N T E G E R  IO M ,NEO
ii ——— DIMENSION MASS( 2 I ,QSIGN (2 ) ,VL (2) ,VU (2),FLU (2) ,FLL (2) ,01012)
14 ——— > .ANL (2),ANM(2),AP4U (2),PL (2),PM(2),PU (2) ,CL(3),CM (3),CLJ (3)
15 ——— • > ,Q(2),L (2),TINCR (2),V(2),FYS (2)

D I M E N S I O N  N ( 4 , 3 0 0 ) , T i ( 3 , 3 0 0 ) , F ( 2 )
17 ——— COMMON/VN/U (2,300),BG (303) ,BM (300 ) ,GR(2,300),p(2,300),5L (300)

C P M M O N/ N D/ O N ( 3 0 0 ) , H N ( 3 0 0 ) , N2 N(3 0 0 ) , 02 N( 3 0 0 ) , PH IC N ( 3 0 0 ) , T N ( 3 0 0 )
COMM ON /ALT /Z (300) ,JMAX ,JMA X I ,DT,DH, T H F , IT E R ,E PS , I O N , T F , ITF

20 — — — (OMMDP4/SAV/NSAVE (2,300),TISAV (3,300),FY (2,300),UN (300),EHT (300)
?i - — —  ( O M M O N / F O N / J O M ,J L L(  ~

) ,JUL (5)
C O M N ~CiN / D E L Z / H L L ,HUU ,IT

23 — - — CJMM D ’4/OE~~/QIc 3N(?) ,DRAG (2 ) ,GP (2,300 )
24 ——— DAT A OSIGN/— 1 .,1 ./,AHU/1 .672bE—24/ , BK/1 .3807E—36 /

C.... CA LC DE N SITI E S AND V E L O C I T I E S  FOR TIME T+THF°DT
26 — — — C.... AT POINTS J ,J— I /2 AND J+1/2

I HP = I • 0 — T H F
M — — —  Jts PI J B+1
H 29 — — — IPR=2

JUN=JSJ
31 — — — IF (ITER.LT .4) JDN=1
82 IF ((J.E~~.2).AND .(JSJ.EQ .0)) WR ITE C 6, 11b )
33 — — — 116 FORM A T C ~~ENTF R DFIJ$ )
3. ——— IF (J.EQ .JB .OR.J.EQ .JBS+1)GO TO 110

(.+ + + + 4 STARTING FLUX FOR CON TINUITY EON FLUX CALCULATION
36 ——— IFI J. LE .JB ) FYS (1)=C FLL (1)+FLU (fl)/2
37 ——— IF (J. LE.JB ) FYS (2)= (FLL (2)+FLU (2))/2
2 8 —— — GO TO 111
39 — — —  C.... HODEQ IS CA LL E D TO FILL iN THE DYN EQU IL REG ION
43 — — —  110 00 100 JA J B P I ,J B S
41 ——— CALL HOD EQ( Jt ,JA— 1,JMAX ,N.T i,R,S L )
42 — —— 100 CONTI N UE
43 — — — C.... VEL IS CALLE D TO OB TA IN THE VE L OCI T IES (FLU XES ) A T  THE LOWER 1/2 PT
4’.——— 111 CALL VEL (J— 1 ,CL,V L , FL I,N,T I, J8)
4~ -—— DO 350 I = 1, IO N
66 — — — TINCR (i)=0 .0
47 ——— 0 (11=0.0

350 Fl 11=0.0
J~~~J

30 — — —  1 F ( J . f 0 . J S ) J U t J B S
C— ——— C ALL CHEMO TO EVALUATE THE SOURCE+S INK TERM AND CALL DAVE TO EVALUATE

52 — — —  ( — — — —  THE TME D E RIV A TIVE. BOTH CALLS ARE M401 ONLY ONCE FOR GRiD POINTS
53 ——— C — — — —  B~~LO W THE DYN EOUJL REGION. FOR GRID POINTS iN THE DYN EQU IL REGI ON

C———— T HEY A RE CALLED RE PEATE DLY UNTIL THE CON JUGATE BOUNDARY IS REACHED.
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C — — — —  TIN C R rON /DT , O :SUUR (L+SINK , PM FUTU RE (PT OF IIP 4CR , 4M~~PA ST (PT (iF DNf
00 200 JA= J ,JU

57 ——— HLL~~SL (0A)— SL (JA— 1 )
HUU SI (JA + 1 )—SLI JA )

59 ——— CALL CH1MO (iON,JA, Q 1O,N ,p ~SAVE,TI,THF )
60 ——— CALL DA V F (ION ,JA ,ANL ,A NM ,ANU ,PL,PM ,PU ,N, N SAV E )
61 - — —  00 300 I 1,ION

Q ( I ) = D ( I ) + Q I O ( 1 )
f~3 — — —  P M ( I I P M ( I ) — A N M I I )

6’. — — —  T I N CR I  I )=T JN C R II )+PMt 1 )
65 ——— C CAL C ’JLA T ION OF FLUX USiN G THE CON TINUI TY E~~N . START AT LOWER BOY AND

C INTE G RATE TO FAR LOW ER BOY.  THE BOY F L U X = T H E BOY FLUX FRO M MON T H EON
67 — — —  IF (JSJ.NE.0 ) GO TO 355 

*

STS=I. O
t~i 

— — —  IF (ITF .EQ .3) 515=0.0
70 — — —  fY SC 1) FYS ( i).QIO (1 )— PM(1)~~STS/DT
71 ——— I F C J A .E Q.2) FY .SIi)= FLL (I )
72 — — —  FY (I,JA )=B M(JA )~~FYS (1 )73 355 CONTINUE

C — — — —  PPINT CONTINUITY PA RA M S 
IF (JON .NE .O)GO TO 300

76 —— — IF (JA .LT.JLL (4).OR.J.GT.JUL(4))GO 10 300
77 ——— WRITE (&,666)J,JA ,O (I),TINCR (1 ), PM (I ),A NM (I )
7~ - - —  300 C O NTINU E
79 — — —  20 o  C O N T I N U E

c,.,, IF J= J3 THEN C A L C U L A T I O N  OF THE UPPER ARC LENGTH AND BU IS DIFFERE N T
51 — — —  C , ,, ,  B E C A U S E THE N E X T  POINT IS IN THE CONJUGATE HEMISP HERE . V E L  IS  C A L L E D
82 — — —  C , ,, ,  A G A I N  T f l  t A L C  T I-4 E V E L O C I T Y  A T  THE U P P E R  1 / 2  PT

6 3 — — —  I F ( J . N E . J 8 ) C , U  TO 360

. 4 — — —  C A L L .  VEL (JBS,C U , V U ,FLU,N,TI,JB )
85 — — —  O F L S = ( S L ( J B S $ 1 ) + S L ( J b S ) — S L ( J B ) — S L I J B — 1 )  ) / 2 . 0

8U (BM (JBS)+BMIJ8S+I))/2.0
87 — — — GO TO 370
88 — — —  360 C A L L  V E L ( J , C U ,V U ,FLU, N , T 1 , J B)
89 — — —  D E L S = ( S L ( J ’ 1 ) — S L ( J — 1 ) ) / 2 . 0
9 0 — — —  BU~~1 B M ( J ) + B M ( J + 1 H / 2. 0

9 1 — — —  370 B L = ( 8 M ( J ) + B M I J — 1 i ) / 2 . 0
( 

93 — — —  C T H I S  S E C T I O N  S E T S  UP THE ERROR FUNCTIONS El i);  TIN C R=DN/ DT ; FGR =
84 — — —  C F L U X  C P T  ; Q ( I ) = S O U R C E+ S I N K . IF ~ I T F  A R E  P A R A M E T E R S  FOR O BTAINING
95 — — —  C VA RIOUS TYPES OF SO IJTICIN . AT PRESENT (TF,ITF):(3,3) 15 THE ONLY
96 — — — C . . . .  O P T I O N  B E I N G  U SE D.  I T  G I V E S  A S T E A D Y  S T A T E  S O L UT I O N .

97 —— — 00 380 1=1, !ON
98 — — —  IF (ITF.FQ .3)TINC.R(I)=0.0
99 — — —  F G R : — ( F L U ( i ) / ~~ U — F L L ( I ) / R L ) / D EL S

100 ——— C.......ERRUR FUN CT JONS FDRMED
101 — — — F ( I) = l Q ( i )~~~D T — T I N C k ( I ) ) / D F L S + F o R ~~~DT
10 2 — — —  1 F ( J . f Q . J B ) F ( 1 ) F ( 1 ) ~~~4 0 .0

123 ——— C—— —— T INCR AND 0(1) A R E  D I V I D E D  BY DE LS To C O M P E N S A T E  FOR THE I N T E R —
104 — — —  C—— — — PO L A T IO N .  FGR ~ 0 (1) AR E MULTIPL IED BY DT INSTEAD OF DIVIDING TINC R
105 — — —  C — — — —  T H I S  I S  DONE F O R  E A S Y  COMPARISON CF PRIN TED VALUES.
106 — —— C — — — —  THE V ELOCITY A T THE GRID °OINT VII ) IS C A L C U LA T E D  AS THE A V E R A G E
107 — — —  C — — — —  OF TH E U PP ER AN D LOWER V E L O C I T I E S .
1O~ — — —  T I N C R( I ) =T I N C R ( 1J / D F L S

109 — — —  Q ( I )= O ( I ) ° D T / D EL S

- 
_
~~ i

__
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110  F G R = F G R Q D T
111  V (I )= .SO IVL (1 )+ VU (I ))
112  1 F ( J O N . N E . O ) C , O  T O 383
lri — — — c.... PR 1 NTI PIG OF F A C T O R S  iN T H E E R R j ~ F U N C T i O N S . 
11’,  IF (J . L1 . J L L( 5) .O R . J . GT . J U L( 5 ))G P  10 380

1 1 5   W R  l I t  (6,666) J ,F L U  (I), ELI (I) , F (,R ,Q (1 )  .11 N C R  (I )  , F C I I V (I)
11~6  666 FORHAT (2X ,4H FIJ ,16.1P12E13 .5)
117  380 CONTINUE
11~  RETU RN
11~  E N D
1 2 0  ———
121  SU8RC UT 1N E VEL (J,PP,V, FLUX ,N ,T I , J~~)
122 —— — C 
123 — — — C Il lS PkDC ,RAM WAS W R I T T E N  BY EUGENE YOUNG (1978). IT C A L C U L A T E S  THE
124 ——— C V E L O C I T I E S  AT THE POINT L (J+i/2) FROM THE ION MOMENTUM EQTNS FLR
125 — — —  C 0+ AND Hi. P A R A M E T E R S  FROM THE GRID POINT 1(J) ARE IN T E R P O L A T E D  TO
12 6 — — —  C GET THEIR VP~LUES AT THE HALF POINT . THE P A R A M E T E R S  FROM ST M A U R I C E
127 ——— C AND SCr4IJ MK P55 1975 ARE T R A N S F E R R E D  FROM SUER JP
12 ~~~— — — C 
129  I M PL i C I T  REAL( A— H, L, N—Z )
1 30  REA L  Z,OT,DH, TH F ,E PS,MA SS ,MG, MA GM
1 31  DIM EN SION MAS S (2 ) ,~~SIGN (2 ),V(2 ) ,A (2),TIJ(2),PL (21 , PP (3),PU (2)
1 32 > ,FLUX (?),LR (2),Q (2),G&MMA(2),11232),E (2),0I (2)
13 *3 D I M E N S I O N  N (L i ,303),TI (3,300), F(2)

C O M M C N / V N / U ( 2 , 3 O C ) , F G ( 3 0 0 ) , ~. t 4 ( 3 C O) , C ~R ( 2 , 3 0 O ) , R ( 2 , 3 0 O )  ,SL (300)
13~.  C DM M 3 N/N D /O N (3 0 0 ) . H P .~( 30 O ) . N2N I3 O O ). C2N (3 0 0) ,PH ION (3 O O )  ,T N (3 00)

1 3~  COMMON/ALT/7 (300 ),JMAX ,JM A X I ,DT, DH,THF , IT E R , E P S ,1U N ,TF , ITF
137  CO M~~J N / S A V / N S A V E ( 2 , 3 O O ) . T 1 S A V ( 3 , 3 O O ) , F Y ( 2 , 3 O 0 ) , U N ( 3 0 0 ) , E H T ( 3 C O )

CD MMON /DEQ /QION (2 ),DRAG (2) ,c,P (2,3e0)
139  C OM M D N / FO N ’ / J C i ’ I .J L L ( 5 ) .J U L ( 5 )

~1 4O  DATA A/i6.O,1.O/,MASS/26 .761oE—24,i .6726E—24/
DA T A  QSIGN/—1 .,1./,712/1 .O,i.0/ ,BK/1 .38C7E— 1b/

142 — — —  C EXPO ~4ENT1A LL Y INTERP )LA TE AM B I EN T S  
143  OA SQRT (ON (J )~~ON(J+I) )
1’.’.  HA S Q R T ( r f N ( J ) ’ H N ( J + l ) )
145  N 2A S Q RT (N 2 P 1 (J ) ’~~F 1 2 N ( J+ 1 ) )

146  02A=SORT (02N (JI*02N (J,1))
1 67 TIJ (I )= SQ RT (TI (1 ,J )~~T1 (1,J41))
14~  T I J (2 ) S Q RT (T I (2 , J )~~’T1 (2 ,J +1 ))

T E J = S CR T ( T I C3 ,J ) P T I (3 , J +1 ) )

150 T N J S C R I ( T N ( J )~~~TN ( J +1 ) )

151 
__ 

CA L C J L A T E  P A R T I A L L Y  i M P L i C I T  D E N S I T I E S  , PU, P L , PM 
152  TH P 1 . O — T H F
1 E 3   NE O.0
154  NEU O.0
1~~~5  N F L :0.O

156  DO 2b0 )= 1,ION

1~~7 — — —  C
138  PU (I )= TH PiNSAVE (! ,J+1 ) + THF~~ N (t ,J . 1 )

15 9  PL (I )=THP~~NSA VE (I,J) + THF*N ( I,J)
ieo Pp (I )=SQR T (PU(I )~~PL (I))

1~~1  
UE U=NEU +PU(I I
£4 EL~~N F L4 P L ( I )
N E = P I E + P P ( 1 )

16’. ——— C
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1 65 — — —  260 CONTINUE
166 - — —  (*•. •

~~
++ A DD N (NU+ ) AN D P1 (02+) 10 E L E C T R O N  D E N S I T Y

1 67 —— — N~~U=N E U +N (3,J+I)
NLI=NEL +N (3,J—I )

1 69 — — —  NE=NE+N (3 .J )
170 — ——
171 — — —  C.... CALL JP TO O B T A I N  D ( 1 ) , G A M M A , A L 12 ,ALS12  ~ B (I) USED TO (Alt V I I I
1 72 —-— CAL L JP (OA,HA.N2A,O 2A ,T IJ ,TMJ,PP ,C ,GAM MA,A L I2 ,AL SI2 ,b )
173 — — — C C A L C U L A T E  ALTITUDE D E R I V A T I V E S  
17’.——— U FL S=I SL (J+i )— SL (J))
175 — — — UTE=(TI(3,J*41)~~T 1 (3,J) )/D~~L S
176 ——— 0T1=( T 1 (1 ,J +1 )—TI (1.J) )/DFLS
171 — —— 012=11 1 (2,J .1)—T1 (2,J) )/DFLS
17~ ——— c,,,, TE~~M~ IN THE M UMtNTU M EON. CONSULT ST H ~ 5(1975) P910 EON (19)
1 79 — — — C,,,, THE MOM TM EON HAS BEEN CAST IN A SLIGHTLY DIF F E R E N T  FORM IN TERM S

• A B O  — — —  C ,,,, O~ THE GEOPOTF N T IAL . (SEE PP0~ NOTES ). DRAG= A TERM FOR TAKING
1~~1 ——— C,,,, COlLISIO N S INTO A CCfl UN T IN DYN E QU 1L REGION. Q IO PI=AL L THERMAL
1 82 — — —  C,,,, D IFFUS ION TERMS

00 301 I= 1 , I O N
1k- . — — —  R A T I I = P U (i  )*T1 (1 ,J+1)/(PL(I 1*11(1 ,J))
1- 5 — — —  R A T 1 E NEU~’T1(3,J+1)/(NFL~’TI (3,J))
1~~b ——— G RA =— M A 5S (I ) GR (1,J+1)/ (BK~~TIJ ( i))

F t = A ( I ) e’IGP(2.J+1)—Gp(2,J ))
DLNI rGRA ~~AL CG (RAT II~~RA TI E~~*l12 (I))/FI

I K = 3 — I
l9~ — — —  D R A C ( I ) = — ( FY (I  ,J )O i 1+B ( I) ) /N ( I ,J )— F Y (i K ,J ) /N ( IK ,J ) )/ 0 (  I)

191 — — —  Q IDNtI ) (QSiGN (I )/T IJ( 1HO( GAMMA (1)~~DT E
1 92 ——~ — (PP (IK)/~JE )~~(~~L 12~~DT i— AI5 j2 +DT2))
1~~3 — — —  C

1~~
. — — —  Q 1 (i )= (DLNI +GRA )+OII ’N(i )

1c~ ——— C.... FORM THE R i-IS OF THE MOMTM EON. UN II )=NE UTRAL WIND TERM
196 ———  729 F(I)= — D(I)~~Q1 (I )+UN (J )~~B (I)
1.7 ——— IF (JON .NE .0)63 TO 301

C ....P R I N T  P O U T I N E  F O R M U N I M  E O N  T E R M S  ... 
1 .9 —— — IF (J .IT .JLL (5).OR.J.&T.JJL (5U~ O TO 298

~RiTi(6 ,6Q5) J ,Z (J),DE LS ,DLN I ,&RA ,FI, DRA & (1 ),OJCN (I 1,01 (1),
201 — — —  > R A T I I , R A T I E
20~ — — —  298 IF (J .LT .JLL (3).UR.J.GT .JUL (3)) (,O TO 301

w~~I T E ( & , 6 O 5 )  J , Z ( J ) . D ( I  ) , B ( I) , F ( I ) , G A M M A ( 1 ) , A L 12 , A L S 1 2
6 j c  F U R M A T ( 1 X , ~~V r L~~, Ib ,F9 .0 ,1p 12 E12 .4 I
301 C O N T I N U E

C NLJ W THE V E L O C I T I E S  
2~~7 ——— UET :e (1)+e (2)+B (1)*B (2)
20Ô V (1)= ((F (1).F(2) )+B (2)~~F (i))/DET
2 O~~ — — —  V ( 2) = ( (F ( 1 ) +F ( 2 ) b +b ( 1 ) 4 F 1 2 ) ) /D E T

210 — — —  F L U X ( l ) = V ( 1 ) ~~P P ( i )
F L U X I 2 )=V (2 ) *PP (2 )

212 — — — C .  PRINT VELOC ITIES
21 * 3 ——— IF (JUN .NE .0)GD TO 302
2 1 , — — —  IF (J.LT .JLL(5 ) .OR .J.GT .JUI (5))G0 T0 302
215 —— — wRITE (6,6O6IJ,V(1 ),V(2),DET ,F (1),F (2)
21 6 — - —  3 0 2 .C O N T I N UE

f l7 — — —  606 F Q R M 4 T ( 2 X , c J~~o ,I4 ,3x ,~~~v ( 1) =o ,1pE11.4, i V 2 =c ,E11.4 ,~ DET ~~
21B ——— ) ,F11.4 , ° F 1 * ,E I1 .4,~ F2 :* ,F1I. 4)
219 -—— RF T U RN
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END
2 ? 1  — — —

2 2 2  — — —  S U B R O U T I N E  J P ( OA ,H A ,N 2 A ,D ?A , TI J ,T N J , PP , D ,G A M M A , A L 1 2 , AL S 1 2 , b )

2 2 3 — — — C 
22’. — — —  C— —— TH IS ROU TIN E PR OVIDES THE PA R A M E T E R S  ON P910 OF ST M A U R I C E
225 ——— C——— ~ SCHUNK PSS 1975. EQ UAT IONS ? O . 2 1 ,2 2 , 2 3 , 2 4 ,2 5 ,2 6  AN D THE
226 ——— C——— R A T I O  OF N EUTRAL/ION COIL FREQS— 8 . IT USES AVERA GE D E N S I T I E S
2 2 7  — — —  C — — —  F R O M  THE I N T E RP O L A T I O N  R O U T I N E S  T E P .D ANI. T E R S
2 2 8  ——— C 
2 2 9  — — —  i M P L i C I T  R E A L ( A — H , N— Z )

23o — — —  D I M E N S I ON  A (4) ,AR R (2,4 ) ,TIST (2,2 ) ,TIJ (2 ) ,NU (2,Z),AMUN( 2,4)
231 — — —  > ,TINT (2 ,4),NJX (21 ,NX (2,4) ,Ui (2 ,2 ),Li4 (2,2 J,NUp (~~,~’ J, POL (6J
2 3 2  — —  — > ,C R (6) ,A R (  6) , B R (61,3(2 ) , G A M M A (  2 )  ,b ( 2 )  ,7 ( 2 )  ,PP C 3 )
2 3 3  ——— D A T A  B K / 1 . 3 8 0 7 E — 1 6 / ,A M U / 1 . 6 7 2 6 E — 2 4 /
2 3 4  — - —  C ION N E U T R A i  P A R A M E T E R S  FR O M BANK S AND M U C K A R T S  1973 p244
2 3 5  — — —  C — — —— T A B L E  9 . 13  P O L A R I L A B I L I T Y  ( P O L l ,  M U L T I P L ) C A T I V E  ( C R )
2 3 6  — —— C — — — —  A T E R M  C A R )  AND B T E R M  ( P R ) D219
2 3 7  — — —  D A T A  POL/.79 ,.867,1.76 ,1 .59 ,.21 ,1.I/

2~~ó 
— — —  D A T A  C~~~/ 6 .8 E— 1 3 ,1 . 9 E— 1 2 , 3 .7 E— 1 3

2 3 9  — — —  > ,3 .4F— 13 , 9. 7 E— 13 , 5 . 2E— 1 3/

240  —— — D A T A  A R / 1 0 . 6, 1 4 .4 , 14 . 3 , 1O . 6 , 1 1 .6 , 1O . 4 /
2 ’.) ——— D A T A  ij P/ .6 7 ,I .17 ,.Cb ,.76, 1.26 ,.64 /
24 2  —— — D A T A  4 1 1 6 . O , 1 . O . 2 6 . O , 3 2 . 0 / ,Z / 1 . O , 1 . O / , 5 2 / I . 4 1 4 2 1 /
2’ . .~ ——— C TH E F 3 L L f l ~J ! N c .  CUDE COMES FROM J—P~~S SUBR OUTINE FRED
2~.-. 

— — —  C R. E O U ( E D  MASS AN ) T EM P E R A T U k E  
2’,S — ——  01 i i  1=1 ,2
246 ——— DC 11 J=1 ,4
2 ’ 7  — — — A M R ( 1 , J ) = A ( I ) A ( J ) / ( A ( I ) + A ( J ) )
240 ——— TI N T (I ,J)=(A( J )~~TIJ (1)+A ( l)~~T P1J)/ (A(l )+A( J ))
249 — — —  L F (J . C T.2 ) & D  TO 11

250 — — — T I S T t I , J ):(A(J )~~T I J (i )+A( 1 )~~TIJ (J ))/(A( I )+A( J ))
11 CON TINUE

252 — — — C — — — —  iON—NEU T RA L COLLISI O N FPE CU FNC IFS 
253 ——— GM:2.O~ T 1NT (1,1 )
254 — — —  ‘~X (1.1 )~~CR (1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 5 ; — — —  GM 2 .O~~T I N T ( 2 , 2 )

NX ( 2, 2) C R ( 2  )‘ rIA~~S Q R T (  ( ,M) ’ (  A R (2  I— B R  (2 ) “A L G G IO  ( GM )

N X ( 1 , 2 ) = 5 . O E — 1 1~~HA~~5 0 R T ( t 1 N T ( I , 2 ) )
N X ( 2 , 1 ) . 4 E — 1 1~~ JA ~~S J R T ( T I N T ( ? , 1 ) )
00 111 1= 1 , 2
N u x ( I ) = O . O

aol — — —  U X ( 1 , 3)= 2 . 6E — 9~~~SL R t (P O L ( 3 ) / A ! 4 R ( I,3 ) ) ° ( N2A )

N X ( l ,~~ 1= 2  . 6 E— 9 ~~S Q R T ( P O L  (4  ) / A M R I I , 4 )  1° ( 02A )
00 111 J =1 , 4
NU X ( I ) N U X ( I ) + P I X ( i , J )

111 C O N T i N U E
C . . .  I O N— I O N  C O L L I S I O N S  FROM S T . M .~~S P920 D I V I D E D  bY 2.15 SEE

227 — — —  C... 5C -~U NK ~~W A L K E R  P55  )~~7O P 1319 ( 1 3 24 )
268 — —— DC 113 1=1 ,2
268 — — —  00 113 J=1 ,2

N U ( 1 , J } = 1 . 2 72 6 l ( I ) ~~L ( I ) 4 Z ( J I O Z ( J ) ~~P P ( J ) *
> 5 Q R T ( A M R ( I , J ) ) / ( A ( I ) o 2 . 1 5 ~~T ! S T ( 1 , J ) ’ ~~1 .5 )

2 /2 — — —
D4 (T,J )r (1 .2-A (J )0A (J )—1 .5~~A (I)~~A (J )) /AA

113 CON T IN UE

______ _________________________ 

_______________ 
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2 7 5  — — —  c .. . .  N’JP=~~U’ ( F R O M  ST H ~ S)

276 — K :3

2 7 7  — — —  DO 20 1 = 1 . 2
278 ——— K = K — 1

~~79 — — —  D O 20 J 1.2

2~~ O 
— — —  P IU p (I , J )= 1 . 25~~N U ( 1 , J )o ( D4 ( I ,J)+1.5 4A M R (  I , J )/A (  I )

A~~T l J j 1 ) / T I S T ( I , J ) )
2~~ 2 — — — IF (I.FO .J) NUP (I,J )=MLJ (J ,J )+1 .25~~NU (1,K )O(D1 (I,K )
2”3 ——— A + l .5~ AM R(I ,K) /AI1 ) ’T I J (1 )/TJ5 T (I, K))

20 C O N T I N U E
2 5 ——— C

C T’I E F O L L O W I N G  C O D E  IS F R O M  J — P *5  S U E . R [ U TI NE  T R A N S C O
( .............. 

N 1 2 = P P ( 1 ) / P P ( ? )
2M , — —— M1 2=A (1 )/4 (2 )
2~~0 —- - — XrNtJ (1 ,2 )/N IJP (I ,1 )* (1._NUP (2,1)/NUP (2,2) I

X =X/( 1 .—NUP( 1.2)~~NUP(2,1)/ (NUP (1,1)”NUP (2,2)))
2 2  — — —  A l 1 2 = X ~~T I J ( 1 ) /T I S T ( 1 , 2 )~~~l5 ./8 .c (N i 2 .1 .) / (M 1 2 + 1  .1

293  -—— A lS1 2=A L 12*M 12~~M 12 0TIJ (2)/TlJ (1 10
A ( P 4U D ( l ,l )— N L J P (  1 ,2 )  )/ ( NU P (2 , 2 )— N U P (2 , 1 )1

2~~ 5 — —— L I F L T A = 3 . / (5 .* ( N 12 + l .) * ( M 1 2 +I  .) )* ( AL 1 2 +N 1 2 0M 12 ~~A L S 1 2 )
-

* 2~~ b — — —  C T = B K / ( A M U O ( 1 . — D [ L T A ) )
1 2 9 7  — — —  00 40 1= 1 ,2

2~~ o —— — J = 3 — I
2~~9 — — —  C — — — —  C I F F U S I O N  COE FF D I l l  AND P A T I O  OF COI L FR EQ S 8 ( 1 )
3 0 0 — — —  D (I )= CT O T 1J ( 1)/ (A( I)ONU (I,J) )

-
~ 301 — — —  B ( I )~~ N U X ( 1 )/N U ( I , J)

302 — — —  40 C O N T I N U E

3-D 3 — — —  G A M M A ( 1 ) 15./8 .~~ S2* (PP(3I0Z(l J~~Z ( l ) — Z 1 l  )~~( P P( 1  ) 0 Z I 1 ) ~~Z ( 1 )
304 — — —  > .PD (2) 0l (2)~~~Z (2)))/(13.~~S2/8 .0 ( P P(I )~~~Z ( 1 )~~ Z (1 )

) +Pp (2)oz (2)*Z (2))+PP (3))
3Gb — —— GAM MA( 2)=1 5. 0S2 /8.* (Z (2)* (PP(1)~~Z(1)0Z (1)

• 3r*7 ...__ > +PP(21*Z (2)OZ (2))—PP (31*Z (2)*Z (2))/
3Cc > (l3.~~52/8.~~(PP (1)~~l (1)0Z(1)+PP (2)0Z (2)0Z (2))+PP (3))
3~~9 -—— R E T U R N
310 — — —  E N D

~ T I U N  D A T A S E T  IS A B O U T  TO BE W R I T T E N

C I V c N ,  R E  D O N E
A T I U N  DATA SET HAS NOW BEEN W R I T T E N

E D I T O R  T E R M I N A T i N G  43 /100  S E C O N D S  IS E L A P S E D  T i
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~~ j,~j= P1IB,DN :RSLP5 ,UL
1 — — ~ C .  ( R SL P S )

2 —— —  SUb RO UTINE LDO PS (S, NE O, N, T i ,1TA U,J b ,SE C , D N D T )
3 — — — C 

C S U b R O U T I N E  L O O P S  I~~ TH E M A I N  SE QU ENCING CON TROL P R O G R A M .  IT C A L L S  S U E —

5 —— — C PR U G S DF IJ  ~ T F IJ  T O  D~~T A 1 N  THE E RROR FUN CT ION SF IJ FO~ THE DENSITY
6 — — —  C ANL T E M P E R A T U R E  D I F F E R E N T I A L  E Q U A T I O N S . I T  S E T S  UP THE J A C L ’ B I A N  ~ A T k I X  1?
7 — — —  ( SUBP JM A T R X  A N D  S O L V E S  F O P  THE I N C R E M E N T S  U S INc1 ~ D S L V .  B E F O R E  EAC t-~ T IME
o — — —  C THE S 0LUTI tJNS ID T H E  E Q U A T I O N S  A R E  G U E S S E D  U S I N G  A C U B I C  P R E C 1 C T ~ .R. THE

9 — — —  C I N C R E M E N T S  F R O M  1-I F S O L V E R  A R E  A L S O  T E S T E D  T O  ENSUI~.E NUN N E G A T I V E
ic  — — — C D E N S I T I E S  ( MO D I F I E D  ST EE PE ST DE SCEN T). F I N A L L Y , THE RESU LTS ARE PR INTED

• U — —— C BY C A L L I N G  SUBR P R I N T  NOTE THAT IF THE ~ OF GR ID POI;,TS=300 THE
12 - —— C F O L L O W I N G  A R R A Y S  H A V E  T H E S E  D I M E N S I O N S — —  D E L T A ,R I-I S ,SH R A L L  1200
13 ——— C ,1(U R K ( 7 5 0 0 ) .  THE A R R A Y S  A R E  USE D IN J H A T R X  AND E D S L V  TO S G L V c  THE

( J A C O B I A N  M A T R I X .  D C R Q :A R R A Y  FOR S A V I N G  I N D I C A T O R S  OF N UN C IDN VER CE NCE.
IS — — —  C ;~P / T E P = D R E D I C T E D  DENS/TEMP . NCT~ THAT B E CAUSE OF THE DYN EC UIL REGI O N
l o — — —  C THE SIZE OF THE M A T R I X  V A R I E S  FROM THE T E M P E RA T U R E  TO THE D E N S I T Y  E QII 5
1

_
i — — —  C JB~~,MIT ,IE ~) AND ib A R E  A L L  U S E D  TO A C C O M P L I S H  T H I S .

i o — — — l
1M P LI (1T REAL (A— rl, L ,N—- Z )

R E A L  L ,D T , D H, TH F , E P 5 , T F
I N T E G E R  ION ,NEO ,K S , K ,NFLA I,

22 ——— DI M E N S I O N  S(NFO ,1 ), DELTA (1200), RHS(1200 ),WORK (7500),TEP (300)
> ,5HR(1200),UCkO(2,300).tIIP(4,30C),V (2)

-
- 

— — —  D I M E N S I O N  N ( 4 . 3 0 0 ) , T j ( 3 , 3 0 0 ) , F ( 2 )  , D N D T ( 2 , 3 0 0 ) , D T D T ( 3 , 3 0 0 ) , V S ( 2 )
25 ——— (rMMuN/VN/Ut2 .3Oo ),~~C .(3O3),BMt3OO),r,R (2,300),R12,3O0),SLC30o)

CGMM UN /NO /LN (30O),HP ~(30O) ,N2N (300),O2N (3OO), PEIICN(30O ), TN (3OO)
C O M M U N / A L T / Z ( 3 0 0 ) , J M A X  , J M A X I  , D T , O H ,T HF , I T E R , E P S , I [ ’ N ,TF , I T F

* ——— C O M M O N / S A V / N S 4 V E  ( 2 , 30 0 ) . T I S A V ( 3 , 3 0 0 ) , F Y ( 2 , 3 0 0 )  , U N ( 3 0 0 )  , E H T ( 3 0 0 }
C O M M O N / L P S / E P S N , D C , I M O D , I 1 , I 2 ,I P R I N , I P M X ,IPP ,I S K P
C C M M O N / L Q I L ( 2 ) , O ( 2 )
C0MMCN /DE~~/ClION (2),DRAC (2),GP (2,300)
DATA J T I , I (ALL, DT SAV ,!T SAV

> / 0 , , 1. .—l0 003/

35 — — —  J T 1 = J T I + l

JBS J M A X — J r ~+1
37  — — —  M I I = 2 ° J B — 1

IE . 2 °C M I T — 2 )
JB P I=JB +1

C D N D T , O T D T  ARE D E R I V A T I V E S  USED IN P R E D I C T I N G  FUTURE V A L U E S  O F D E N S I T Y  A
I T E M P . D N D T S  ~ 01015 APE S A V E D  D E R 1 V S  FROM P R E V I O U S  T I M E  S T E P  A L S O U S E D I N

* 
62 ——— C P R E D I C T I O N  B E L O W  ? O O K M  L O C A L  L O S S / G A I N  E Q U I L  IS USED TO P R E D I C T  D E N S I T Y
‘.3 -—— C .i FMP TH R O U G H A C A L L  TO H O E D .  NP IS USED TO S T O R E  THE P R E D I C T E D

* 44 ——— C V A L U E S O THAT ITS A C CURACY CAN BE USED TO IMPROVE THE NORMAL Q U A D R A T I C  P
45 — — —  C I C T I U N ’  TO A C U B I C .  D E N S I T I E S  A R E  S A V E D  IN N S A V E  B E F O R E  P R E D I C T I O N  O C C U R S
46 ——— C.... NT= TO TA L TUBE CONTENT. CALL HODEC TO I N i T I A L I Z E  OP
47 — — —  C A L L  R O D E Q ( 1 , 2 , J M A X , N , T I , R , S L I

DNU TS=O
DTL .TS=3

00 ‘~‘1 1 = 1 , 3
DO ‘1 J :1 ,JMAX

C. . . .  N!J~ P R E D I C T  T E M P  USING C U A D R A T I C  P R E D I C T E R  ......
5j ——— IF (JT I .NE.1 ) DTDTS= DTDT (j,J )
54 ——— IF (JTI .NE.1) O TO T( I, J )=(TI (I ,J )—T ISAV( I,J) )/OTSA v
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IF (JT I .E L .1 ) D T D T (1 ,J )= O
56 — — —  C — — — —  A T L~~W ALT S  USE HO EC TO P R E O I C T  FUTUR E D E N S I T I E S  AND TE Hp~
5 7  C — — — —  tiUT F I R S T  S A V E  OLD TEMPS

I K P = T I SA V ( I, J )
I ISA V ( I ,J )=J I (I ,J)

63 — — —  IF ((l(J ).LT.200).AND .(I.FD .3))
> CA LL H~~E Q( J,JM A X, DT ,THF ,DCR ,NP ,T I , N 5 A V E I

IF (1 .EQ .3) T~~P (J)= T I(3 ,J)
T i ( I , J ) = ( ( D T D T ( 1 , J ) — D T [ ) T S U . D T / D T S A V + O T D T ( I , J ) ) O D T + T I S A V ( I , J )
I HT H I, J) . L ~~. C . O ) T I ( 1 , J ) = T I S A V ( I , J )

I 3 0 N ’ T  U S E  P~~E D I ( I O R  AT  A TURNING PO IN T
I f ( D T D T ( I , J ) ’ & T U T S . L T .C . O)  T I ( I , J ) = I T I S A V ( I , J ) + T ~K P ) / 2

t,7 IFUT F .EQ .3) T I ( I , J ) = T I S A V ( l , J )
IF ((Z (J).GT.200).AND .(I .EQ .3)) T [P(J )=TI (3,J )
IF (!.&T.ICNI GO TO 412

1j — — — C. . . .  NOPE P R E D I C T  O r N S J T I E S  USI N G CU B IC PRED IC TEIc 
71 —— —  IF I JT I .I’IE • 1) DN DT S=DNDT (I , J

-
~ ‘2 ——— I F ( J T I . N E . 1 )  D~~DT (1,J )=(N (1 ,J)— NSAV E(I ,J ))/DTSA V

IF (J TI.t T.2 ) DN DTS = DND T (I ,J )
74 — ——  N K P = N S A V E ( I , J )
75 — — —  N S A V E ( l , J ) = N ( J,J )

IF I .F Q .1) N T = N T i~BM ( 1 )~~(N (2,J)+N ( 1,J) )~~DI-1/ (BG (J)~~BM (J))
77 —— —  IF (JT I .E Q .1 ) N( I.J )= DNDT (1,J)°DT+N(1,~~)

I F ( J T I . G T . 1 )  N ( I , J ) = ( ( D t ~1 D T ( l , J ) — D N D T S ) ~~D T / D T S A V + C N D T ( 1 , J ) )
> 0T+N ( I ,J)

9 5 — — —  IF (N(1,J).L [.o .O ) N (I , J )= N S A V E ( I , J )
1. DON’T USE P R E D I C T O R  AT A TJ RN ING POINT

IF (US’JDT (I.J300NOTS.LT .0.O) N i l  ,J)=(NSAV E(I ,J)+NKP )/2
IF (ITF.EQ .3 ) N (l ,J ) NSAVE (I, J )

— — — 411 N P(  I ,J)=N ( I ,J)
GO T O 41

56 —— — C,,,, T-II S SECTION B L EN D S  THE O R I G I N A L  P R E D I C TION INTO THE ~,iCTC— C HEM
C ,,,, E C U I L I d R I U M  P R E D I C T I O N  TO PROVIDE A SM OOTh JUl11 AT ?OOKF’
412 IF (l(j).GT .200 ) CU 10 61

~ =5~~EXP (15~~(l (J)— 2OO )/2O0 )
N (1,J )= (N(1 ,JU.A+ NP (1,J ))/ (1+A )

—1 — —— !~4 (2,J )= (N(2,J)0A+NP (2,J ))/(1+A )
Ti (3,J)=(T1 (3,J)~~A +TE P (J) )/ (1+AI
NP ( 1 , J ) = N ( 1 , J )

4 ‘
~~~~~~~~

— — —  NP (2,J I=N(?, J )
C S  —

~~~~— T E P ( J ) : T I ( 3 , J )
41 C O N T I N U E

C7  C..  
END P R E D I C T O R  ... 

. . R IT E ( 6 , 1 14 )  NT
C... A L T E R N A T I N G  C A L L  LOO P; IF I F I J = 1  O b T A I N  T EMPERATURES

1~~1 — — — C... IF I F I J = 2  OBTAIN D E N S I T i E S
1~~2 - — —  DO 22o IF I J I 1 ,1 2
1~~3 — — —  C~~~~~ ° 1 T E R  LuoP;ON EACH I T E R A T I O N  THE J A C O B I A N  IS FORMED AND SOLVED FOR

C~~~~” THE INCS OF D E N S I T Y  OR TEMP. T I E DENSITY OR T E M P  ARE U P D A T E D .

~~~~~ IF THE D E N S I T I E S  AT SUCC E SSIVE I T E R A T E S  ARE SUFFICIENTLY
1C~ — — —  C~~~0C CLOS E THE SOLUTION HAS B EEN FOUND .
1~ ’7 ——— uC 220 11 5R = 1, 3 0

IV C = 0
11 9 — —— C ~flUN DA RY C O N D I T I O N S  ON DENSITY AND TEMPERATURE
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I N G  06/21,

110 ———  CALL H[J E Q ( 1 . J M A X ,DT ,TH F ,DCR ,N ,T I , N S A V E )
111 — — —  C A L L  HUE~~ ( J M A X , J M A X ,UT ,IIlF , D C R ,N, T 1 , N S A V E )
112 — — —  Cs+++ 4 COM ~~UTE FIJ P R O F I L E  AND ~ S0 M A T R I X  W H I C H  B O S L V  U S E S  10
113 — — —  C+ .+++ SOLVE THE L i N E A R  S Y S T E M  ( ( S f l ’ ( D F L T A ) =  ( F I J )
114 C . . . .  DO LOOP FOR C A L L i N G  F I J
115 — — —  00 145 J= 2 , J M A X 1
116 — — —  I F ( ( I P R . E G . 2 ) . A N D . ( J . E C . M I T ) )  GO T O  147
1 17  — — —  W R : 2 c . ( J — 2 )
11~ — — —  J A = J

119 ——— IF ((IPR.FQ.2 ).AND.(J.&T .JB U J4:J+ JBS— JB
120 — — —  1F ( I F IJ . 5 ..1) C A L L  T F I J ( J A , O , I P R , N , T I , F , J B , J B S , V )
121 ——— I F (IF I J . EL .2 ) CALL D F I J (J A ,O , I P R , N , T I , F , J B , JE S , V )
122  — — —

123 ——— R H S ( ~~R + 2) F ( ? )
12 1. — — —  I F ( I P R . N E . 2 )  GO TO 145
125 ——— C... CO’~V E R C E N C E C R I T E R I A  ON V E L O C I T Y  If RE QUIRED
126 —— — 00 143 1=1 ,2
127 ——— VS (1)=U (I ,JA )
1?à — — —  I F ( V f 1 ) . E Q . 0 . O )  61) TO 14 3

I F ( A B S ( ( V ( I ) — V S ( I ) ) / V ( I ) ) . G T . l . E — 4 ) 1 V V = I V V + 1
4 130 — — —  143 U( I ,JA )=V (I )

1~~1 ——— 145 CON T IN UE
1~~2 — — 147 C O N T I N U E
1~~3 

— — —  C.... 1JM IS A SW i T C H  FOR C A L L I N G  J M A T R I X  (JR NUT
1 34 — — —  IJM= O
1 35 ——— I F ( ( I T E R / 1 CA L L )~~ 1CA LL. E Q .ITER) I J M = 1
13 6 — — —  IF (1TER.L E .3) I JM = 1
1 37 ——— IFUIpR .EQ.3 ) .AN D. (ITE P .EU.2)) IJM :1

• i3~ ——— I~~D=NF Q
IF (DCRT . -~E.1 ) IJM = 1

1 4C —— — JF (DCR. N E. 1 ) 1 J M = 1
1 41 ——— IF (1PR .EQ .2) 18 D = I E ~
142 ——— IF (IJM. EQ .1 ) CA LL JM AT R X (S, RHS ,I8D,1PR , O T ,JMAX ,N , T 1 , F , J B , J B ~

-

* 163 — — —  > ,M IT )
16’.. ——— c~~~-’~ 

I N V E R T  THE J A C O B I A N  M A T R I X  c r 5 o  AND R E C O R D  E R R O R  C C M M ~~N T 5
145 —— — C + + + +  FROM THE I N V E R S I O N  R O U T I N E  o bDS LV ~ ON F ILE  O I D C B O
146 — — —  C A L L  B D S L V ( I B D ,3 ,~~,O, RH S, D E L T A , W U P K , N F L A G )
167 — — —  F (NFIAG.E Q.0)GO TO 55

W R I T E I b ,215) IT~~R,M, NF LAG
1~~9 — — —  STOP 3
1~~5 — — —  55 ID IV=0
151 — — —  D I R = 1

152 ——— DCR P:1.0
153  — — —  U C R T = I .0

I F (I P R .NE.3 ) GO TO 135
C .. TEST ‘Ti ’ TO ENSURE T1>0 (MOD STEE P DESCEN T )

156 — — —  00 137 1 = 1 , I PR
1E 7 — — —  Dli 137 J 2 ,JM A X1

ION=3
1~~9 — — —  I F ( J . E Q . I P R )  I O N =2

D I N C = D E L T A ( 2 ° J — I O N )
Ui — —— IF (A BS (DIN C/T I(I ,J) ) .GT .EPSN ) D C R P : D ( O A B S ( T I ( I , J ) / D L U C )
1 ’2 — - —  I F (U C R P.LT. D C RI ) D (RT=O CRP
i f i  — — —  137 (UNT INUE

1 35 IF( IPR.NE. ? ) GO TO 144
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06/27,

( ,, . , . ,  T E S T  ‘N’ TO I NSu k~ N)O ( p
~nii S1EE P EST DESCENT ) ,,,,,,

Du 14? I = 1 ,IPS
1 61 — — —  00 142 J = 2 , J M A X 1

IUN= -3
IF (I .EO. IPR ) I [IN=2

1 7 0
171 — — —  I F ( J . G T . J B )  T J = J + J P — J b S

IF ((J .GT .JS ).AND . (J . LE.J BS )) GO TO 142
17~ — —— D I N C = 0 F L T A (~~°i J — I U N )
174  — — —  !F (AB S (DINC/N(I,J) ) .GT .EPSN) D(R P= DCOA BS (N (I ,J )/DINC )
j1 ~ 

— — — I F ( uC R P .LT.O (R ) DCR=D CR ?
I F ( I T ER . E Q .1) DCRU(I ,J )=OCPP

1 77 — — —  142 CONTINUE
i7~ 

— — —  I... A DD I T E R A T I V E  I N C R E M E N T  TO THE A R R A Y  ‘N’ OR ‘TI ’ AND T E S T  FOR
17~1 — — —  C... (Li~4VFRGEN C F WHEN IOI V=O

144 90 42 I~~1 ,t~~R
13 1  — — —  I U N = 3
15~~~— — —  !F (I.EO. IPR ) ION=2
1~~3 — — —  DO 42 J= 2 , J M A X 1
1

11 . D I M [ = D E L T A (2~~J— 1 O N )
IF (I PR.E~~.2) GO T El 59
T i (I,J )=T IU . J )—D IN C ~~D C R T

is ? — — —  IF (A~~S (D1NC/T I (I,J)).GT.EP5 ) I D I V = I D I V + 1
156 — — —  (U TO 42

• 1 89  — — —  59 C U N T I N U E
IJ=J

1 F ( J . G T . J B )  IJ =J +J~~—JB S
I F ( ( J . G T . J 8 ) . A N D . ( J . L E . J B S ) )  00 T0 42
DIN C = DF LTA (2~~i J— I U N )

I — — —  N i l  ,J)=N ( I ,J )— DIN C ~~D C R
I F ( A RS (D I N C / N (I ,J ) ).C,T.1 .E—9) 1 D 1 V = I D I V + 1

-~~~~~~ 4? (r N T I N J E
1 97 — — —  C 
195 — — —  IF (IPP .NE .2) GO Iii 4 7
1~~9 

- — —  IF (Ja .EQ .JBS )GO TIJ 47
2~*b D C F I L L  IN D Y N A M I C  E Q U I L I B R I U M  REGION

• — — —  D *~ 43 J= JB P !,JBS
• 2~~2 — — —  C A L L  -IUO EQ( J,J— 1, JMA X ,N,T I,R, SL )

43 CO N TINUE
— — — ‘.7 I F ( ( IT E Q / 3 )~~ 3 . EQ . I T E R )  W R I T E (6 , 1 1 3 )

W R I T E (6 , 1 1 2 )  I T E R , I T A U , 1 O I V ,I V C ,O C R ,D C R T
206 — — —  C. ..IF OCR HAS NUT GONE TO 1 BY THE TENTH ITERATION, G I V E  UP .
207 - — —  IF ((DCR .ME .1) .AND . (1TER.EQ .10)) GO 10 230

• 2~~S 
— — —  IF ((O (RT .NF .I ) .AN D .C ITFR.E Q.1O )) 00 10 230

~~~~ T L S I  TO SEE IF ({;N V EF ~GFN (E HAS OCCUR ED.
nO — — —  I F (I D I V . IV C . E Q . O )  GO 10 224
21 1 — — —  220 CONTI N UE *

2 12  — — —  GO TO 230
21 3 — — —  224 IF( I F IJ .E Q .I 2) GO TO 222
21 4 ——— 226 CON TINUE
215 — — —  222 CO N T I N U E
2 16 — — —  ~~~~~ 5 A V ~ THE TIME STEP FOR THE PREDiCTOR AND CAL L THE P R I NT  S U B R O U T I N E
2 1  ? — — —  ) T S A V = D T
2 1 B — — —  I F (I T F . E Q . 3 )  1 T S A V= — 1 0 0 0 0

2 1 9  — — —  I F (I T A U — I T S A V . L T . I S K P ) R E T U R N

I 02
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I T S A V ~~I T A U
2’l — — —  CAL L P R i N T (  I~~MX , IP~~,Z,JMA X ,N, 1I , I T A U , 1 T E R , 6 ,U ,FY ,UP )
2 ? 2  — — —  R E TU DN
Z ? 3  — — —

1 2 4  - - — 230 (uNTINUE
2 — — —  C A L L  P P I N T (  I P M X ,1, Z ,J M L X ,N , T I  , I T A U , I T E R ,6 , D C R Q , Fy ,N P )
2 2 6 — — —  W R !TE (6,115)
Z 2 7  — — —  S T J P
225 — — —  21~ FO kMA T( O 1 T E ~~A T I r )N =~~,I5.

o TIME STEP ~~~,l5 ,
229 — — —  A/, ° RE TURN FROM BDSLV ~~~,j5 J
2~~O — — —  111 F~~R M A T ( 1 : - 1  ,I~s . 1 P 9 F 12 . 2 )

~~~~~~~~ 1I2 FO RM 4T (lrl ,417 ,1P 9t12.2)
2~~2 — —— 113 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2~~3 — — —  11~:. FOR•!4T (/-~T L T A L  TU B E C L I T E N T  ~ , 1P E 1 3 . 5 )
2 3 4  — — —  115 F O R M A T ( ~~ND N — C L ’ N V E ~~G E N C E  S T u P o )
235 - — —  END

IT I J~ O A T A S E T  IS ,1BD’JT TO BE ..R ITTFN

.IV : N ,  RF UDNE
• T IUN D A T A S E T  ~ A S N13~ BEEN ~R 1 T T 5 N

E D I T R T E R M I N A T I N G  28 / 100  S E C O N D S  IS E L A P 5~~D TI

IL S E CI-~ .9 & E D  AT SA C K E -~~~UMD R 4 T E
1 ~ I , I E S ,PT = I OS ,PR: 300,  PU ~ , 0u80=  0
S S i G N , )~.Y”=2 ,9.1b
•S~~1GN , PEj3~~O =1 , 9,16
S~~~ l G N , S C R 5

S ~ 1 ~ N , SC R 7
L Ic , 1, ,MA , OS =63 0 , RP , SP
L ! B • 2 ,BN ,M11 ,DS =S00 , ~ P , SP• 
~~ T~~A N ,S:P L lb . SN :R S M N
3 r T . 5 = P L I 5 ,S~~=R SM ~~.D= 352i , JN :~~R A Y l

• U F I L E  0~~~E ?ATeD ON 0 5 / 2 1/ 7 9  AT 0.81

l ION ~ A T A S t T IS A SOUT TO BE R R I T T E N
T I L ~N D A T A ~, E T  H A S  N O W  B E E N  ~R I T T E N

E D I T O R  T E R M I N A T I N G  36/100  S E C O N D S  IS E L A P S E D  T I

~~~~ 4; ,S PL I 3 ,S 1~~C ,T c3S
)IT ,S~~PL 1B ,SN G T S 3S,D=35 2 1 , DN~~C R A Y 1

r J L F  G E N E R A T E D  ON 0 5 / 2 3 / 7 9  A I 11 .98

U .’. C A T I~5ET IS A~~.UT TC BE ~ R I T ~~EN
I J , N ~ A T A S E T -I~~S N W  B E F N  .IRITTE N

~D l1 U R  T E R M i N A T I N G  29/100 SECONDS IS ELA P~~E U T I
I ~~~~ ~2L I b , S N = ~~SPR

5 PL I ~ , SN~ ~ 
c :35? 1 ,0 ~C R A Y 1

C ~ I IE (~~P.~~R A T I ~D UN 0 5 / 2 3/ 1 9  A T 11.98
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06/27,

.~U I T  , 0= PL 18 ,DN: PSX J N, UI
1 — — —  P R O ( ,R A M  P S X I N

2 — — —  C . . . IP SX IN )  . 

3 — — —  C . . .  T H I S  MA I N  P R O G R A M  C R E A T E S  A F I L E  OF DUMMY I N I T I A L  C O N D I T I O N S
4 — — —  C... TO bE U S E D  IN T E M P E R A T U R E  A N D  D E N S I T Y  P R O G R A M S

5 —— — C.. .  THE P R O G R A M  C A L L S  A M B S FOR N E U T R A L  P A R A M S ,F Z E L D  FOR F I E L D  P A R A M S .
6 — — — C... AND IIYD FOR H+ DENS IT IFS;FO R D E T A I L S  OF THE VARIOUS P A R A M E T E R S
7 — — — C . . .  C O N S U L T  M A I N  P R O G R A M .  AN OX IS  C A L L E D  FOR O~ DENSITIES.
8 — — —  i M P L I C I T  R E A L (N )

9 — — —  R E A L  M O K

10 — — —  i N T E G E R  N I O N ,N D Y , N Y

11 — — —  DIMENSION D (7),T(2) ,GL (300),XS(300),RN (2, 300 ) ,RT I (3,300)
12 ——— > •D5 (159),FD (9),SZA (300)
13 ——— (OMMDN/VP4/N(2,300),U (2,300),BG (300),BM(300),GR (300),TI (3,300)
1’. ——— (OMMJN/N0/ON(300),HN (300),M2N (300),fl2N (300),PHION (300),TN (300 )
15 — — — COMM ON /AL T /Z130 0 ) ,JMAX ,J MA X1 ,DT ,D H,TH F,I TFR ,EPS ,NION
lb — — —  C O M M O N / N U S A V E  / N S A V E 1 ? ,300) ,T 1 S 4 V ( 3 , 3 0 0 ) , F Y ( 2 , 3 0 0 ) , U N ( 3 0 0 ) , A U G
17 —— — COMM DN /FDN /JON. IPR ,IKEF P ,TTAU
1 5 — —— C... MOST OF THE D A T A  P A R A M E T E R S  CAN BE FOUND IN THE MA I N  P R O G R A M .
19 — — —  C. . .  T E E :  i N I T I A L  E L E C T R O N  T E M P € R A T U R E , Z C H E M : H E I G H T  OF C H E M I C A L

• 20 — — — C... E Q U i L I B R I U M ( U N U S E D ) . Z C O : H E I & H T  FOR D.. C 1 F U S S I V E  E Q U i L I B R I U M
2 1  — — —  D A T A  P C O , S C A L , l O  , T S W , I R I T , J P R I N ,  T E F ,M M A X , E PS ,T H F , P T S
22 — — —  > I 2 .2,  5 ,120 ,  2 , 1 • 3 2 5  ,4000, 9 , 1 . E — 3 , 1 ,120/
23 — — —  D A T A  I D A Y  , S E C  , B LO N , F 1 07 4 , F 10 7 , A P , D E C , E T P A N , Z C H E M

- - 24 — — —  ) / 74111 , 68232, 60 , 75 , 71 ,31,12 ,43100 ,500 /
25 — — —  D A T A  RE , Dl .IPIC,V0, MOK , LCH , LCD , H T O P ,A V I 4 U , E M
26 — — —  > / 6370,1200 .  4 ,  O , 1 .2 1 14 E— 8 , 12 0 0 , 1 . E 6 ,5 0 0 0 , . 5 7 7 ,1 . 5  /
27 —— — D A T A  RE , OT ,IPI (,V O ,  MUK • ZCH , l~~D ,HTOP ,AVMU ,EM
26 — — —  ) / 6370 ,1200,  4 ,  0 , 1 . 2 l 14 E — 8 , 12 O 0 ,I .E 6,~~000, .577,1.5  /
29 — — —  D A T A  P1 , P2 , P3 , P4 , PS , P6
30 — — —  > / 1D5I,17.7 , —27 ~.6, — 5 . 1 E — 4 , 6 . 1 E — o . ? . 4 E — 8  /
31 — — —  C++++ PCO L S H E L L ,  PTS :~~ OF PTS FOR 112 F I E L D  LINE
32 — — —  C+++. SCAL = S C A L IN G  FACTOR BETWEEN 1 AND 5
33 — — — W RI TE (b, 951 )
3. — — —  951 FORM&T (QPCO , P15 ,SCAL= 0 REA E (1 ),ZQ ~ )

W PITE16, 952 ))SW ,PCE J ,PTS ,S (A 1,ZO
3 b — — —  952 FO~~MAT (I2,4F1O .3)
37 — — —  IF (SCAL.NE .0 .) 60 10 41

• 35 — — —  R E W I N D  1

79 — — —  R E A O C  I ) J M A X , P CO , ZO , S C AL ,  J D A Y ,S E C , E TRA N , F 1 0 7 ,F I O 7A , A P ,BLDN,
1 OEC , ((N (!,J) ,J=1,JPAX ),I= 1,21,( (1ZIl,J),J=1 ,JMA X ),I= 1,3 )

41  1 .1 IU ( I ,J) ,J=1  , JM A X ) ,I = 1 , 2)

42 - - — ‘.1 C O N T I N U E

43 — — —  C~~~~~ T I M E  S T EP : END N E A R  LI N E 135
44 - 00 223 JT I :1 , M M A X
45 - - —  C 
48  IF (JTI.EQ. 1) GO TO 663
47 —— — C... INFORMATION R E Q U I R E D  FOR MA I N  P R O G R A M S  1$ W R I T T E N  TO TAPE
48  W R I T E I 2 ) J M A X ,PCD,Z0,SCAL , ID4Y .SEC ,ETRAN ,F107,F1O7A, AP ,BLEJN ,

C 49  1 DEC ,IIN( I .J),J=I ,jMAX ) .1=1 ,21,1 (11 U ,J) ,J=1 ,JMA X ) .1=1,3 1
¶0 1 , ((U(I,J ),J=1, JMAX ),1=i,2 )
¶1  S T OP

¶2 --— 661 C O N T I N U E

53 ——— C... XY :START ING VALUE FUR NEWTON ITE R A T I O N  IN SOLUT ION OF STEADY STATE
5’. — —— C... ION TEM PERATU R (;DH=X ~~D ISTAN (E B ETW E E N  POINTS; DIN TO IS USED UI
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55 — — —  C... D i F F U S I V E  E Q U I L  PROFILE FOR 0+ ; ITEST IS USED FOR CONT I NUOUS ENERGY
5~ — — —  C... LOSS TEST;

2 57 XY=1000 .0
DH=1 ./ (PTS—1.)

59  1 P T S = P T S

60  X S ( 1 ) = 0 .

51 ~~~~ NHE :0.

D I N T U = 0 .
63  JM4 X =2 °IPT S—1
6’.  1 T E S T O
55 — — —  C E S T A B L I S H  PTS . ON FIELD LINE BY CALL TO FIELD

C.... R=RADI US lii F IE LD p1 ; 7=A LT ; SD IP= S IN (DIP ANC.) ; GL=G E OM LAT
67 ——— C.... GR G R A V I T Y  ; SM IS °RDP TO MA C FIELD STRENGT H ; S G = V A R I A B L E
So ——— C.... C3ORD FACTOR ; DS=STEP SI1 E (KM) ; XS = A R C  LENGT H FROM EQUAT (1c M
59 — - —  C

73  00 950 J= 1 ,IPTS
71 CALL FIELD (J ,JMAX, PCO ,RE ,70 ,SCAL,X,FD)
72  Z (J ) F 0 ( 1 )

• 73  SDZ P=FD(2)
7’.  C D I P = F D ( 3 )

75  GL (J)=F0 (4)
• 76  GR (J) FD (53

77  BM(J ) F0(6)
70  bG(J )=FD(7 )
79  X S (J )= F D ( 8 )

B)  1F (J .G T . 1 )  D S (J ) :X S ( J— 1 ) — X S ( J )

81  I F I J . E Q .I P T S )  GO TO 1000
82 — — —  C.... C O N JU G A T E  F i E L D  P A R A M E T E R S
83 JU JMA X +1 J
B’.  GL (JU):—GL(J)
85  &R (JU I=_ &R (J )
3b  Z(JU )=Z(j)
67  B M ( J U )= B M (J }

88 — ——
89 — — —  953 C O N T I N U E

9J — — —  1030 C U N T I N U E
• 91  00 17 1= 1 ,JM AX

92 —— —  C TRANSFORM MAGNETIC TO C,EO &RAPHIC COORDINATES———
• ~~3 — — —  C AFID C A L C U L A T E  SZ AN GLE AT EACH FIELD LINE POINT BY CALL TO A M B S — — —

L7J= L (I)
95  CLAT GL (I )
96 ———
57  CALL  A M B S ( 1 , I D A Y , S E C ,Z Z J , C . L A T , D E C , E T R A N , F 1 0 7 ,
56 ——— > F107A ,AP ,RLON ,0,T,CHI )

1~~0 ON (I)~~D (2)
1D1 — — —  H N ( I ) 0 ( 7 )
102 — — —  N 2 N ( I ) = 0 ( 3 )

U?N (I) 0(6)

~ 
‘ ‘-s ~~~— — TN (I I .T I 2)

1 ~~ 574 (I ) :CI-I I
lC o  — — —  0(1,11 :0

* 
107 — — —
1C~ — — —  17 CON TINUE
1~’9 — — —  C....

105

— - 
- 
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110 — — —  C,,,,, END NEUT; SET INII . TB AND ION DENSITY P R O F I L E S ,  OX (I )
111 — — —  C... AN A L Y T I C A L  0+ D E N S I T Y  IS O B T A I N E D  FROM SUBP LNI3X
112 — — — DO 317 I= 1 , I P T S
113 — — — i F (J ~~W .E Q.3) GO TQ 21
11’. ——— ZZJ~~l (1)115 — — —  C A L L  A N O X ( 1 , Z Z J , OX )

11 6 — —— IF (Z(I).LT.750.) N (2,I )=i.25~~EXP (O .01I98°Z (I))
117 ——— LF (ZU).&E.750.) N (2,I)rI24o*EX P(2.773E_3 ~~Z (1 1)
11 5 — — —  IF (Z ( !1.&E.1000 .0) N(2,I ) 29284OEXP (— 3.5E—4~~L ( 1))
11 9 — — —  19 CONTINUE
120 ——— IFUSW.EQ.2) T 1 (3 ,I)=TEE
121 — — —  C... THE ION T E M P E R A T U R E  IS OBTA INED FROM THE UNIFO RM ELE C TRON TEMP
122 — — —  C... USING THE S T E A D Y  S T A T E  C O N D i T i O N  HEATIN G=CCOLIN G ;
12 3 — —  C... THIS 15 DONE BY A NEWTON I T E R A T I V E  PRUCEOURE;USU A LLY TE IS THEN
124 — — —  C... CALCULATED AS THE AV E RA G E  OF THE UNIFORM TE AND TI
125 — — —  21 C O N T I N U E

126 —— — GI= (N(2,i)+OX /16 .)0 (OX+N(2,I) )/TI (3,1 )*~~1.5
127 — — — G�=2.7586E—I0~~UX~~flN (1)+l.8E_ 9oN(2,I)~~HN(I )
126 — — —  (,3= (UX0(8.67~~N2N (l1 .3.678~~NHE )+7.225oN (2,I)~~NHE )~~1.OE— 9
12 9 — — —  &4 (4.7?9E—30*QX ~~HN (1)+5 .255E—10 0N (2,1)~~DN (I))0SQRT(TN(I ))
1 30 ———  FEX = C1~~(TI (3,I )—X Y)—&2~~((SQR1 (XY+TN (I )))o (Xy—TN( I )))
131 — — —  I —(G3 .&4)~~~( Xy — T N (I ) )

1~~2 — —— DFX=— (G1+G 3+G 4 )— .5OG2~~(3c~XY +TN ( I) )/S .RT (XY+TN ( I))
133 — — —  X Y = X Y — F E X / D E X

13~ —-~— i F ( AB S (F E X / ( D E X ~~XY I ) . GT . 1. 0 E — 4 )  GO 10 21

1 35 —— — T I (1 ,I)=XY
136 — — —  T 1 ( 2 , I )= X Y

1 37 ——— IF (1SW.EQ .2) T 11 3 ,I)= (T )13 ,J)+TJ (2,1))/2.
1 38 ——— C,,,, A LTER IN ITIAL PROFILES TO DIFFUSIVE EQUILIBRIUM IF NECESSARY
13 9 ———
140 —— — IF (l (I ).LT. ZCO ) GO TO 29
14 1 — — —  IE N(1,I)+N (2 .1)
1 42 — — —  OIN TO=—1 6 .~~MOKO &R (I)~~DH/(bG (1)~~IT 1 (2,1)+N(1,I)~~TI(3,I)/NE ))H l 1 43 NI1 , I ) N( 1,I—1 )~~EXP ID INTO )
14’. — — —  29 C O N T I N U E

C.... TEST 10 SEE IF CONTINUOUS ENERGY LOSSES ARE TOO LARGE
1 46 ——— C.... IF SO CHANGE SCAL OR P15 TO REDUCE STEP SiZE
1~~7 — — — C . . . .  A V M U = < C O S O >  ; EM = LOW E N E R G Y  OF P. E .

- * 14o — — —  1 17  C O N T I N U E

C E1 8 .618E—5°TI (3,1)
150 — — —  C ZN E =N (1 ,I )4N (2 , I )

151 ——— C TE5 T= ((3.37E_ 12+LNE ~~OO.97)/(EMO*0.94))~~((EM—ET )/
152 ——— C 1 (EM—( 0.53~~ET)))~~~ 2.36
153 — — —  C. T E 5 T = T E S T ~~CH / (4 V ( 4 U * P G (I ) )

15 4 ——— C IF (Z (f).GT.1000) DE=DE +TE ST
155 — — —  c IF (TEST .11. 1.0) GO TO 317
156 — — —  C I T E S T = I T E S T + 1

157 ——— C IF (ITEST.EQ. 1) W R ITF (6,~~55)
158 — — —  C 955 F O R M A T ( ~~ C O N T IN U O U S  E N E R G Y  L O S S O )

159 ——— C WRI TE (6,663) I,Z (I ),TEST
150 — — —  317 C O N T I N U E

1 51 ——— C A L L  HYD
162 ——— C~~0~~C GENE RAT E THE CONJUGATE HEMISPHERE *.**.
1 63 —— — DC) 110 J :1,1PTS—1 *

164 ——— JU~~JMAX +1— J
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1t5 ——— JFUSw .ED .1 ) (.0 TO 110
166 — — —  N ( 1 , J U )= N ( 1 , J )

167 ——— N (2,JU)=N(2 ,J)
168 ——— TI (1,JU )=Ti (1,J )
1 69 ——— T I (�. JU )=TI (2 ,J)
170 — — —  C..,, AN A L Y T I C A L  CAIC (iF TB FOR LOW ALTITUDES. SPLIC ES INTO EXIST
171 ——— C,.,, INC. TB AT 600 KM. SEE BRACE AN D THE IS GRL (1978) P275

IFU (J).LT.600)
173 — — —  > A T E = P 1 + ( P 2 4 Z (J ) 4 P 3 ) 0 E X F ( P 4O L (J ) + P 5~~N ( 1  ,J )+P5~~l (,g)oN(1,J))
17’. — — —  A V = E X P ( (Z (J )— 6 3 0 ) / 5 0 )

1 75 ——— Bv=EXPU400—l (J ))/53)
176 ——— jF (L(J).LT.400) AV= 0
177 — — —  IF (Z (J).LT.600) TI (3,J ):(TI(3,J )*Av+ATE~~E kV )/ (AV +BV )
17 8 — — — T1 (3 ,JU )=T1 (3,J )
179 ——— 110 CON TINUE
1 8.i — — — C...... PRINT S P E C I F I C A T I O N S
181  IF (IRIT.EQ.0 ) GO TO 221
162 ~RITE (6,1O20 )
1E~  DO 106 J=1, JP R IN
18’.  WR ITE (6,111 )J.L (J ) ,GL (J ),BM (J ),BG (J ),GR (J ),N (1,JJ ,N (2,J),SZA (JI
185  JF ((J/9)~.9.E Q .J) WRITE (6,1020 )
lRb — — —  106 CONTINUE
167  DO 105 J=1 ,J P R Z N

18~  IF (J.EQ .1) WR ITE (6,11 2 )
189  iF ((J/9)~~9.E Q .J) WRITE( 6,112 )
190  IF ((J01)~~1 .E Q .J )WR ITE (6,113) J,Z(J),ON (J),HN(J ),N2N(J) ,02N (J)
191  I ,TN(J ),TI(3,J), T J (1,J )
122 — — — 105 CO NTINUE 

-

153 — —— C 
1~~4 — — —  221 C O N T I N U E

H J 1 9 5  — — —  16 FDRMAT (1H ,- ‘ 1SW = 1 R E T A I N  TEMPS CAL .C FlEW DEN S ’/
-

- 
196  1 ‘ ISW = 2 CA LC COMP L ETELY NEW PROFILES’/

* 197  I ‘ ISW=3 R E T A I N  TE BUT CA LC NEW TI ‘I
1 9s  1 ‘ ISW= 4 FIND NEW ~1+ W ITH OLD O+ ’/)

- 4 1.9 — — —  663 F O RM A T ( 1 5 ,2 F 1 0 .3)

200 — — —  665 F O P M A T ( 1 7 ,]2F10 .2)

2 ’l ——— 1020 FORM #T (3X . ’J’ ,8X, ’Z’ ,BX, 6L’ ,8X .’BM ’,8X, BG’ ,BX ,’GR’

2~~2  I ,9X, ’ O X ’ ,9X, ’HYD ’)

2fl3 -— — 112 FCRMA T (3X ,’J’ .8X, ’ Z ’ ,9X, ’ON ’ ,9X ,’HN ’,9 X ,’N2N ’ ,9X ,’O2N’
23’. 1 ,9X, ’TN’ ,9X, ’ T E ’ ,9X, ’ T I ’ )
2Gs — —— 111 FQRMAT(I4,F1O.4 ,F10.6,IX,E 10.4 ,IX,E9.4.F1O .4,4E12.5)
206 ——— 113 FORMA T (I4,F10 .4.1X,E12 .6,IX ,E12 .6,1X ,E12.4,1X ,E12. 6,1X
207  > 3F10.4)

END
209 — — —  C . . . .A N OX . . AN OX . . A N OX . . 4N OX . .A N OX ..A N OX . .A N OX . .A N O X

210  SUBROUTINE ANCI X (J,Z,OX )
211 —— — C 
212 — — —  C T H I S  P R O G R A M  FITS A N A L Y T I C A L  FUN CTIONS TO ANY EXPERIMENTAL
2~~3 

— — —  C (~+ PROFILE THE F2 PEAK IS A PARB O LIC MAX A T PT 3. THE VALLEY IS
21 ’-. — —— C A T ~ PAR BOL IC HIM A T PT 1. THE F2 PEA X DENSITY p5 A PA R ABOL IC MAX
2 1 5  — — —  C TH E  F I R S T  4 POIN TS SHOULD BE EQUIDISTANT IN ALTITUDE.
21c. ——— C A BOVE THE ALTITUDE CORRES PONDING TO PT 4 EX PCNE NT I 415 ARE USED
217 ——— C THERE CAN  BE AN Y IUMBER . OF THESE SECTIONS.
2~~& — — —  C READ THE ALTS AND DENSITIES FROM FI LE 5.

I.
--5 -- -5- —~~~--- - - - —
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1NG 0 6 / 2 7 /

220 — —— D I M E N S i O N  Z P ( 1 0 1 , A ( 1 3 ) , l ’ I I O ) , D c N ( I O )
2 2 1  — — —  O~~TA IPTS/7/ , (ZP(l 1 . l : 1 , 7 ) / 1 2 0 , 2 0 0 . 2 3 0 , 2 b 0 , 3 0 0 , 5 0 0 , 1 0 0 0 /
222 — — —  DATA (DEN( 1 1 , 1 = 1  ,7)/1E’.,3.5 (5,4.4E5 ,3.5E5,2.1E5,3.2E4,5E3/
2 2 3  ——— IF (J.GT.1) GO TO 5
2 2 4  — — —  (~ (1 l = D E N ( 2 )

225 — — —  A( 1)=— (DEN( I )—DEN(2 ))/( ZP(2 ) — Z P ( 1  I )  °°2
2 2 6  — — —  B 1 2 ) D E N ( 4 )

2 2 7  —— — A ( 2 ) = — ( D EN ( 3 )— D F N ( 4 )) / (  Z P ( 4 )— Z p (3 ) ) *c ’2

2?o — — —  i P T S 2 1 P T S ~~2
2 2 9  — — —  DO 6 I :3 , IP TS2

2 3L. — —— B (I )=ALOG( UF FI( I+2)/DEN ( I.11)/ (LP (I .21—Zp (l+l ))
231 — — —  A ( I)=DEN (I .I)/EXP (B (I)°ZP (I+1))
2~~2 — — —  6 C O N T IN U E

233 — — —  5 1 5= 0

23’.—— — I P T S T = I P T S — 1
233 — — —  00 10 I~~1,IPI51
23 6 ——— IF (Z.GE .ZP(I)) 15= 1
231 — — —  10 CONTINUE
23o — — —  I F ( 1 S .GT.3) GD TO 15
229 — — — 1F (Z.LE .LP(2 )) OX A (1)~~CL—LP (2))° (Z—2*lP (I)+ZP (2))+B (1)
240 — — — 1F (l.GE.ZP (?)) OX=A (2)* (l—ZP(4H~~(Z—20ZP (3)4ZP(4))+B (2)
241 ——— IF (IS.LT.4) RETURN
242 — — —  15 P5 :15—I
243 — — —  20 0X=A( 1S)O EXP (B(IS )O Z )
244 — — —  C R E T U R N

2’.5 — — —  E N D

245 — — —  C... . FI FL O . . FI ELD . . F IF LO . . F IE L D . . FI EL D . . F  I EL D . . FIE L D

247 — — —  SUSR U U T INE F I FL D (J, JMAX. PCLJ ,R E,Z O ,SCAL ,X,F D )
2 4 c — — — C
2 4 9  — — —  C TH1 S PROG RAM D E T E R M i N E S  THE GRiD POINT SPACING GIVEN JUST J M A X =

* 2 5 0  — — —  C i# OF G R I D  P O i N T S ,  PC O L S H E L L , Z O L O W E R  B O U N D A R Y , SCAL S C A L L I N G
251 — — — C FA C Tu R ;; X = C U L A T I T U T E ,  THE FIELD PA R A M E T E R S  ARE TRANSFERRED
252 — — —  C THROUGH FD (I);; R 3= E~~UA T 3 R IA L  RADIUS Iii FLUX TU BE, INI T IA L VALUES
253 ——— C FOR X AND R A RE SET. DH=D ISTANCE BETW E EN PO INTS IN THE X COORDINATE
254 ——— C 
2~~5 - D I M E N S I O N  FD ( 9 )

25 b  IF (J .NE.1 ) GO TO 950
257  RO=RE ~~PCO
25t1  R=RO
259  X= .5

260  PTS= IJMAX + 1 )/2
261  IPTS = PTS
2~~2 —— —  C’’ ’’ SCALK IS A SCALING FACTOR TO ENSURE THAT THE X—COCR D .
263 - —— C’’’’ RAN GE S FROM 0 TO 1
2~

.4 — — —  RAT= (kE+Z0 )/RE
21- 5  t~M A X = (5 Q R T ( 1 . — R A T / P C O ) ) / (R A T ~~~~2)

2 1 - 6  SCALK =1 ./SINH (SCAL O (QM 4X ))
2h7  DH I/(PTS— 1 )
2 6 b   R A T I R E / R O ) * * 2

269 — — —  C E S T A B L I S H  P15. ON FIELD LINE 
*

270 — — —  C.... R :RAOIU S TO FIELD PT ; FDI=AL T ; FD2= S IN (DIP ANG ) ; FD4=GEOM LA T
271 — — —  C.... F0 5=O RA V ITY ; FOt . IS PROP TO MA G FiE LD STRENGTH ; FD7 =V A R IAB LE
2 72 — —— C .... COURO FACT OR ; DS=STEP SIZE KM ) ; FDB=A RC LENGTH FROM EQUAT (KM

~ 73 —— — C
27’. ——— ‘ 950 DX=I .~~(J—1 )/ (PTS_ 1 .0) 
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iNC 06/27/

275 — —  IF(J.EQ.I PTS ) GO TO 4
27b — — — C... Q=T~iE DiPOLE COORD D E T E R M I N E D  FROM SINH (KO )=DX
277 ——— SCX =DX/SCALK
2 7~ø — —— Q=A LO& (SCX+SQRT (5CX*~~?+1 ) )/SCAL

3 SHX = S IN (X)
280 — — —  CHX = CO S (X)
2’~.1 — — — C... THE NEXT 6 LINES ARE A NEWTON SOLVER FOR THE EQUATION F(x ) 0
282 — — —  C... THIS D E T E R M I N E S  THE CU LAT 1 TUTE x
2 13  — — —  FEX= (RO**2)~

.(SHX ~~~4 )_ 1RE*~ 2)*CHX/O
2~.4 — — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 35 X :X— FEX/ DEX
2 Q 6  — — —  1 F I A B S (F E X / ( DE X ~~ X f l . G T .1 .0 E— 6) CD 1 0 3

287 — — —  GO TO 5

2 8 8  — — —  ‘. x=1.570796327
28 9  — — —  S - IX = 1 .

2 9 0  — — — C HX = 0 .
291 —— — ~ 

— — — — L A T .  R A D I U S .  D I P

- 2 9 2  5 R = R O ~~S HX ~~*2
293 — — —  FD( i )=R—R E
,~94 — — — 5QTH=5~~RT (3.C ((HX~~~2)+1.)
295 ——— FD(2)=2.*CHX/S QTH
2 b  ———  FD (3 )=SHX/SQTH
297 — — —  FD (4)=1.570796327—~
2~~ó — — — FD (5)=FD (2 )~~3.98c +10/ ((RE+FD (I))~~*2)
229 — — —  FD ( 6 )= 1 .0E~~5~~ (R E ~~~~2 ) cSQ TH  /(R ~~C 3 )

300 — — —  F D t 7 I = 5 C A L ~~C O S H ( S C A L ~~
Q )

~~FO ( 6)~~ S C A L K
30 1 — — —  D S = 1 . O E— 5 °D H / F D (7 )

302 — — —  X X = A L O G (1 . 7 3 2~~C H X + S Q T H I

3 C 3  — — —  F o1 8 = R 0 ~~.2 58b8~~f X X + S J U H ( x X ) o C D S H ( x X ) )
* 3.1”. — — — RETURNr — — —

- 3Ct. — — —  C . ......
3~~7  SUBROUTI NE AMBS (J,IDAY ,SFC ,LZJ,GL,DEC ,FTPAN ,F107,
3T h  — > F 1 0 7 A ,A ~~ ,BLDN,[) ,T,SZA)

309 ——— C 
310 ——— C THIS PROGRAM EV A L U A T E S  THE SOLAR ZENiTH ANG LE,DETE RMI NES THE
3fl ——— C THE DAY AND TIME AN D CALLS A.E. r4E DIN5 M S IS MODEL (C,1S35 )TO GET
312 — — —  C THE NEUTRAL D E N S i T I E S  AND TEM PERATURE
313 ——— C
31 4  DATA PLAT , PLON , HEC , KIRAN , P1 , IC NT
315 — — —  I / 1.375 , 1.222 , 0.0 , 43200 , 3.14159, 0 /
31 6 — —— C CO RRECT TIME FOR FULL DAYS AND Y E A R S — — —
317 — —— 999 IF (J.NE.1 ) CO TO 1000
31 8  NY=INT (IDAY/1000)
319  NDY :MOD (IDAY, 1000)
320 IF(MO D (NY,4 ).FQ .01LY 366
321  IF (MOD(NY,4).NE.o )LY=365
3 2 2 5X :AMOD (5B(,86~~O0.)
3 2 3   NDY=N DY+iNT (SFC/86~.OO)
32 4  NY=NY+ IN T (NDY /LY )
325  i0=ICIOO*NY .MGfl (NOY,LY )
3?o ——— 1000 CON TINUE
32 7  — — —  C T R A N S F O R M  M A C N E T  IC TO ( . F UGRA PH I  C ( I I O R D I N A T E S — — —

C AND C A L C U L A T E  SZ A N G L E  A T  E A C H  F I E L D  LINE P U I N T - - -
8L U P ~-PLON °PI /18O .0
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330 — — —  X M :C O 5 (G L ) Q ( lJ S ( R L O R _ P L O N )

33 1 — — —  Y M = C O S ( C .L ) O S I N I B L D R _ P L O N )

332 — — —  Z M :S I N ( &L )

333 — — —  X G :X M .S IN (P LA T  )+ ZM O (U S (P L A T )

334  —— — YG :YM
335 — —— LG — X M 0 C O S ( P L A T ) + Z M ~ S I N ( P L A T )

C,LAT A SIN (ZG )
3:-i ——— (,LA TD=C.LA TQ 1BO ./PI
3~~8 — — —  GLON= (P1OPl .ATAN2(YC,,XC ,))°IBO./P I

SAT : (SX_ETRAN,43203.0)/3600 .—&LON/15.0

~~~ C S A T ~~1 2.)~~15. )PI/18O.
S li~~A CUS C C US C G L A T  I o (35 (  1) EC) Z .C O S C HH)

342 ——— > +5I (,,1AT)o5jN(j~~C))
343 — — —  C CA L L  CTS3S FOR NEUTRAL PAR A M S  
36’, — — —  CA L L  GTS3S ( ID,SX ,ZZJ ,GLATO,GLON , S A T  ,FIO7A ,F107, AP ,48,D,T)
345 — — —  665 FORMAT (17,9F7.1)
3 40  — — —  RET URN
367  — — —  E N D

348 — — — C.....HYO...HYD...HYD...HYD...HYD...HYD.. .HYD...HYD
349 — — — S U B R O U T I N E  HYD
35u — — —  C, ,,, HYD P R O D U C E S  A G O O D  I N I T i A L  P R O F I L E  (11+0 FROM A UNIFORM
351 — — —  C,,,, PR UF ILE HO EN S= C ONS TAN T , USING A S HOOTING METHOD SEE
~ 52 — — —  C,,,, P RICHARDS PHD THESIS 1978. ALSO BAILEY El AL P55 1978 P753.
353 — — — C... ARRA Y S  A,B,C,D,E ARE STORAGE A R R A Y S , A R R A Y  T IS A STORE FOR NUI+ )

35’. — — —  C... GRAD :A LT ITUDE BELOW W H ICH 11+ G RA D I E N T  IS TE S TEO .TMA X/T MI N =MA X/ MI N
355  ——— C... DENSITY ALLOWED.
3 5 6  — — —  IM P L I C I T  R E A L ( N )

357  — — —  D I M E N S I O N  A ( 1 5 0 ) ,8 ( 1 5 0 ) , C ( 1 5 O ) , 0 ( 1 5 0 ) , E ( 1 5 0 ) ,T ( 1 5 0 )
358 — — —  R E A L  Z , OT , D H, TH F , EP S ,G RA O , T M A X ,T M I N
3 5 9  — —— INTEGER HIUN,NEQ
360 ——— COMMDN/VN/N (2.300),U(2,300).BG(300),BM(300),GR(300),TI (3,300 )
361 ——— CI3MMON/ND/CN (300),NN(300),N2N(3001,02N (3001,PHION (300),T N (300 )
362 — — — COMM ON/A LT /Z (300), JMAX ,JM4XI ,DT ,Dl4 , TrIF , I TER ,EPS ,NI ON
363 —— — COMMON/N ’JSAV E /N5AVE (2,300),TISAV (3,300),FY (2,300),UN(300),AUG
3€ ’. —— — CUMMON/ FON /JON, IPR ,IKEEP ,ITAU
3 5  —— — C... VS T A R T = E O UA T I O R A L  DENSI TY FOR SEARCHING PROCEDURE ;G25= SWITCH TO
31-6 — — —  C... GUIDE THE SEARCH; VMORE VL ESS ARE ‘USED IN BINARY SPITT iNG .
67 ——— C... HDENS UNI FORM I N I T I A L  H+ DENSiTY. lCD IS A SWITCH FOR VAR I OUS

3c. 6 — — —  C . . .  M C D E S  OF 0PERATII!N. ZLBDY IS THE LOWER bOUNDARY FOR 11+ SOLUT IGN.
3~~9 C0~~M DN/ A 1 /V S TAR T ,G25, VMO R E ,VLE5 S
370 — — —  D A T A  RE , IFREQ, BK , DELTA , HDENS , lCD , ZLBDY

~ 71 — I / 6374 , 10 , B.2S22c~~i, 10 ,2.5E +3, 5 , 460 /
3 7 2  —— — DAT A IRIT , iT , ZPRIN ,GRA D , T M A X  , T M I N , 1 P R I N
373 — — —  1 / 0 0 , 1000 , 500 , 1.E5 , 10 , 0 /
374 ——— DH2=200H
375 — — —  01=1200
376 —— — iE~) = ( J M A X + 1 ) / 2
377 — — —  T K E E P = N ( 2 ,I E O )

378 ——— T I ( 3 , I E Q + 1 3 = T 1 ( 3 , I EQ— I )
379 — — —  T 1 ( 2 , I E Q + I ) = T I ( 2 , I E O — I )

N ( 1 , I E Q + 1 ) = N ( 1 , I E C _ 1 )
38 1  ——— N (2,20)=HDENS
3~~2 — — —  C

16 00 17 I = 1 , I E Q
UN (!)=0

I I  0 
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0 6 / 2 7 .

395 — — —  I F U U ) .L T JL BD Y )  1 40 0= 1

3b6 — — —  F Y I ) , I ) 0

17 CON T iNUE
38 8  — — —  C... THE 00 20 LOOP E V A L U A T E S  THE V A R I O U S  T E R M S  IN THE P4O ME NTJ M
389 ——— C. . .  E QUA TION,  THAT IS G R A V I T Y ,THE RMA L DiFFUS I ON COLLISION FR F~~UEN CIES )
390 — — — DC 20 1= I A O O — l , I E Q
391 — — —  A L O
392 — — —  D T E = — ( T I ( 3 , I + 1 ) — 1 1 ( 3 ,l — 1 ) ) / D r 4 2

393 — — —  D I I  ~ — ( 1 1 (2 . 1  + 1 )—TI (2, 1—1 )) /0H2
39’ . — — —  T S Q T = S Q R T ( T I ( 2 , I ) )
395 — -—  V 2 0= 6 .9 5iE_ I 1~~~T S~.iT 0DN ( I ) +5 .4 E_ 9 ~~HN ( I )

39b V 12 .075/ (TSQT*TI (2,l))
397 — —— V?1 1 .2/(TSQTOTI (?,I))
398 ——— IF (1GO.E~~.5) N( 2, II=HDE N S
399 —— — C.... THERMAL DIFFUSION COEFF Al
4 0 C IF (Z (I).LT.4501 CO TO 23
401 — —— IF Z (1).&T.2500) c,O TO 23
402 ——— EN=N (l,I )/N(2,I )
403 ——— B1=— 0.149481

‘.C’. ——— B2=1.250519+0.583095/EN
4(5 — —— B3z2.750533+2 .332381*EN

A L = U . 0 8 8 2 3 5 3 0 (  EN+ 1 i0 (  1 6* ( B 3 / E N_ B 1 ) + ( B 1/ E N_ 8 2 ) )
407 — — —  1 / ( E 10~’ 2 — 8 2 ~~B 3 )
4Gb — — —  23 C ON T IN U E

NSAVE (2 ,I ) N (2,1)
41~ — C 1= 8GCI )oBK ~~((DTI+DTE )
411 — — —  1 —TI (3,1 10 (N (1,1+1 )— NC 1,1—1 )) / C DH2~ C N t 1.1 ) •N( 2,1))))
412 —— — C2 :—GR (I)+V2000ft (U
4 13 ——— C 3 :— B K ~~N( 1,1) ~A L 0 D T I0 B ( , ( 1) / (  NC 1,1 ) +N (2 , I))
614 ——— C II)= C 1+ C2 + C3
415 ——— D (I)=V2 1*N (1,1 )+V20
41* — — —  E ( I ) U (  2 ,1)

417 —— — C IF (ARS (UC2,1 )) .GT.YMAX ) WRITE (6,201 ) U (2,I)
414 ——— C WR ITE (6,205) I,Z (i),C 1.C2,C3 ,CtJ) ,D (I),01I,DTE
4 19 — —— C 1 ,N (I,I),BG (I I
‘.20 — — —  20 CONTINUE
421 —— — IF (ICO.EQ .5) 140=1
422 ——— C... THE 00 24 LOOP E V A L U A T E S  THE PRODUCTION AND LOSS TERM S IN THE
423 ——— C... CONTINUITY EQ UATION.
42’. ——— ~D 24 1=14 00— I,IEO
‘.25 ——— 8ETA 2.3E— 11~~SQRT (T1 (2,1) )OOM (I
42~ ——— PRO DH= 2.5E—i1~~SORT (TN (1 ))~~HN (I)0Nt1,1)
‘.27 ——— IF (I.EQ .I400 ) VC HEM= PRO OH /BETA
42o — A (l ) (PRO DH+IGOON (2,I )/OT )/CBG (I)*BM (i))
429 — — — B (i )=— (BETA+ 1CO/DT )/ (8G(I)OBM (1))
430 — —  1 F ( I R IT .N E . �)  CO TO 24

43 1 — — —  IF (I .FC .1 ) W R ITE (6,211 )
4 4 ~~ — — —  WRITE (6,2D5 ) I .Z( I) ,A ( I) .8(1) ,C ( I I ,D( I)
433 --— 24 CONTINU E
436 — — —  C... YSTART IS THE FQ UATIO RA L DENSITY TO START THE SEARCHI N G PROCE DURE
435 — — —  C... D E L T A  IS THE I N C R E M E N T  TO A D D  ON TO V S T A R T  IF S E A R C H  15 U N S U C C E S S F U L

43t. — — —  C... UNTI L BI NARY S PLITTiNG STARTS IJK=CUUNTER TO DETERM iN E NON—CO N VERGENCE
437 — — —  IF(N (2,IEQ).EQ .N(2,20)) 140=0
4~~d — — —  1 F (I413 .EQ .0) TK F.E P :1 U ( � , IE Q )

V STA RT 2ON( 2 ,IL Q )— TK EE P
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ti ’44 06/27/

440 — — —  D E L T A :O . IO A B S ( T K E E P — N ( 2 , IE Q )

441 — — —  T K E E P : N t 2 . I E Q )
442 ——— IJK D
443 ——— RAT = .05
‘.4’. — — —
44 5 — — —  (::::::JF V S T A R T  IS NO GOOD C OM E  B A C K  TO H E R E  1. S T A R T  A G A I N

446 ——— 26 NC 2, IEQ J :V S TA R T
447 — — — T ( J E Q ) = V S T A R T
44~ — — —  I JK I J K + I

449 ——— J F ( IJ K .EQ .4) DE L TA = 1O
450 ——— IF (lGO.EQ .0) DEL TA= .3~ N (2,IEQ )
651 — — — IF (iCO.EQ .0) WR1TE (6,204 ) IJK ,V STA RT,VLESS,VM ORE .VCHE M
452 — — —  IF (IJK .EQ .50) STOP
453 —— — PHIT~~O
454 — — —  1 = 0

455 —— — J= IEQ
456 ——— C;;;;;;COME BACK TO HERE TO FIND NEXT VAL UE ALO N G F IELD LINE
457  — — — C
456 — — —  25 J= J— 1

4 59  — — —  I :J+1

460 — — —  D E L P H 1= D H 0 (L ( 1 ) + B ( I )~~ N (2 .I)) / (R E °1 . OE +5 )

461 — — — PHIT PH IT+D FLPHI
462 — — —  FY ( 2 ,I  )= (P H I T ) O B M (I ) O R E O 1  .OE+5

463 — — —  U( 2 ,J ) = F Y ( 2 , I ) / N ( 2 , I )
46 4 — — —  F I = B G U ) O B K O ( T i ( 2 , 1 ) + N ( 2 , I ) O T I ( 3 , I ) / ( N ( 1 , I ) + N ( 2 , I ) ) )
465 — — —  F 2 =— 0 .5 ° (C ( I )+ C ( I— 1 ) )/ F I—  O O FY (2 , I ) oD ( 1) / ( F 1 * N (2 ,I ) )

466 — — —  E 3 = _ F Y (2 , 1 )O D ( I) / (F I O N ( 2 , I ) )

467 — —— F4=O
468 — — —  F5=D
469 — — —  F6=O
470 — — —  IF (IT.LT.4) GO 10 251
471 ——— F6=FY (1,I)0160V 12/F1
472 ——— F5=— (U (2,J)— E (J ))/(DTOFI)
473 ——— Fb=— E (i )0 (E (J)—E (IflOBG (I )/(F100H )
474 — — —  251 AL OG= (F2+F3+F5+F 6)ODN
‘.75 — — —  Y M A X S~~R T (F 1 / E G (I ) )

47b — — —  N (2,J) N(2,I )OEXP(A LOG)
477 ——— T(j) N(2,J)
478 ——— IF (U(2,J).LT.— Y M A X ) N(2,J)=5 .OE+5
479 ——— IF (U(2,J).GT.YM A X ) N (2,J)=2.0
480 — — —  C.... GO IN T O  P R i N T  R O U T I N E

481 — — —  I FL I P R IN . N E . 0 )  GO TO 51

482 ——— IF (IJK.LT.200) GO TO 50
4 33  ——— 51 CONTINUE
4 84  —-— C (.0 1(7 50
495 — — —  IF(Z (I).LT.ZPRIN ) GO TO 39
486 — — —  IF (I.EQ .IEQ ) Gil TO 39
487 — —— IF ((I /LFREQ) *IFREC .NE .I) GO TO 50
4~~8 ——— 39 WRITE (6,205) J,Z (J ),NSAVE (2,JhNC2,JI,F1,F2,F3 ,FY (2,I)
489 - — —  C

490 ——— 50 CALL BIN(J,T ,TM IN, TMAX ,&RA D,DE LTA, I400 ,VCHEM ,RA T )
491 — — —  I F ( G2 5 — 1 )  26,25 ,40

4~~2
4- 3 — —— 40 CONTINUE
4 9 4 00 42 I~~I,I40O
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‘.95 — — —  N (2, 1 )=I .13*HN (I 1°N(1 .1 )~~SQRt(T N ( !J)/ (UN (I )~~S0R T (TI (2 , 1 ) 1 1
‘.2 CO N TINUE

497 - — —  R E T U R N

201 FDRMAT (3X, ’U (2,I)= I ,1PEII.4)
499 ——— 204 FORMAT (1H ,I4,3X,IPSE]3.5)
SOo ——— 205 FORMA TCI4 ,F9. 2 ,I P 11 D I1 .2 )
5 G 1 — — — 2 11 F C R M A T ( I H ,3 X , ’I’ , BX , ’ Z ( I ) ’ ,6X , ’ A ( i ) ’ ,7 x , ’ B ( I ) ’ ,7x ,’C ( 1 ) ’ ,
5D~ — —— 1 8 X , ’D ( I ) ’ )
503 — — —  S T OP

5~~. —— — END
3 C 5  ——— ~~~~~~~~~~~~~~~~~~~~~ iN obIN oa~~0B IN~~coo BTN oo ~~oB INOO ’~OBIN 0 .1N ~~

O
5 ” .~ — — —  S U R R D UT I N E  b N ( J , T ~E S T , Y M 1 N ,Y M A X , G k A D , O f L T A , J T M A X , V ( H E M , R A T )
507  ——— C . < B.A > . 
5O~ — — —  C... THIS iS THE B I N A R Y  SPLI TTING ROUTIN E T E S T = D € N S I T Y  TO BE TE STEU.
509 ——— IM P L I C I T RE&L (L,N )
510 ——— REA L Z ,DT ,DH ,THF,€PS
511 ——— I N T E G E R  N I O M ,NEC
512 ——— REAL YM I N ,YMAX, G RAD
513 — — —  CCMM ON /A LT/Z(300),JMAX ,JMAX I, DT ,DI1,THF ,ITE R ,EPS,N1ON
51’. — — —  C O M M O N IA 1 /V S T A R T ,G 2 5 , VM O R E  , V L E SS

515 -—— DI M ENSION TESTI300)
51 6 ——— DATA ISE Q , VM ORE , VIES S
517 —— —  1 / 0 , 0 , 0 /

• 51 8 ——— 425=0
51 9 — — —  C... TEST TO SEE IF LO W ER BOUNDARY HAS BEEN REACHED, IF SD, TEST DENSITY

F 523 ——— C. .. A GA I N S T  C H E M I CA L E Q U I L IB R I U M .
521 ——— IF (J.GT .ITMAX ) oo TO 51
522 ——— V U I F F = IE S T C J )— V C H E M
52 3 — — —  1F (A BS (VO1 FF/TEST(J )).LT .~~A T ) GO TO 42
524 ——— IF (VDIFF) 51,53,53
525 ——— C... IF SUCCESSFUL SOLUTION I N i T I A L I Z E  AND RETURN 425=2 TO IN D i CA T E
52 6 — — —  C... SUCCESS TO M A I N  PROGRAM.
527  — — —  42 V M O R E = O

528 —-— VLES S=0
529 — — —  ISE Q=O
53 3 — — —  (.25=2

531 — — —  R E T U R N  -

532 ——— C.. .  T E S T  TO SEE IF D M I N ( D E N S ! T Y ( D M A X
51 IF (J.EC.ITMA X ) (.0 10 511

IF (TE ST (J ).GT.YMIN) (-0 10 52
F 

— — —  511 1 F (I S E Q . E~~.1) GO TO 56
— — —  C . . .  D E N S I T Y  IS TOO SMALL , IN CR EAS E, DR B INARY SPLIT.

547  — — —  IL E S S = 1

VL~~5S =V ST ART
5~~-i — — —  IF (VMORE .NE. 0 ) (.0 10 55
540 ——— VSTA R T~ VS TA RT + DELT 4
541 — — —  R E T U R N

542 -— — C... TEST TO SEE A L T I T U D E  IS LOW FNOUGH FOR G R A D I E N T  TO MAT T E R .
543 ——— C... IF NOT TEST ID SEE IF DENSITY 15 100 BIG.
54’. — —— 52 IF (Z (J ) .LE.GRAO) GO TO 53

• 54
_
, — —— 1F (TEST (J ) .LT.YM A X ) GO TO 58

566  — — — IF (ISEC. EQ .1) GO TO 57
547 — — —  C... DEN SITY IS TOO BIG REDUCE VSTART OR B I N A R Y  SPLIT.

T M O RE I
V M O R E V S 1 A R T

I l -i

4 

~~~~~~.



(.€/~ 1,

II (V L E - SS .N F •~~) (,
~ 

I p  SS
VS IAR 1: V S I A R  f — O F  L T A

C
53 1 F ( J . E Q .I T M A X )  CO hJ 531

)55 —— — I F - ( T E S T (J )—TFST (J+ 1 ) .L T.O) 40 10 58
550 — — —  

~31 ~~~~~~~~~~~~~ (•~3 T I  57
;~57 —— — I M f l K E = 1
D 5o  — — —  VM~~R E = V S T 6RT

3 — — —  I F ( VL ~~S S . N~~.C~
) (~~ T O 55

5 E- 3 — — —  V S T A R T = V S T A R T — D E L T A
5’- 1 — — —  F E T U R N

C
5-i — — —  s5
5~~4 — — —  V S T A R T = ( V L E S S + V M ( 1 R E )~~ .5

R E T U R N
566 ——— C
267 ——— 56 VL F.S S = V S TA R T
564 — — —  V . ST A R T = IV M ~~R E + V S TA R T ) o .5

- : R E T U R N

7C ——— C
,71 — 57 V~~D R5 V S T A R T

V S T A R T = ( V L F S S + V S T A R T )0 .5
573 ——— R~~T U P N

C... IF DEr.SI TY IS 0K.~ Y , RE TU PN (.25=1 TO PRC C E~~O TO N E X T  P L I N T .
75 — — —  58 425=1

2 75 -— —  RETUR N
5 17  — — —  END

L T J L ~ DA T A S E T  IS A BO UT TO BE W R I T T E N

~,iV :N, RE ~~ NE
.~( 1 u N  D A T A S E T  ?-~A S  N~~ BEEt. ~I R I T T E N

E D I T O R  T E R M I N A T I N G  57 / 1 0 0  S E C [ N D S  IS EL~~~S E~ T 1
(KA Y 1

• I L L  B~~ C HAR ~,EL A T  B A C $ . C,ROUNII R A T E
Li ‘

~ l T  ,T= i0 5 , P T = 1 O S , PR= 50, pU=C ,DD 80=0
AS S I C.~. ,P1 u2P 2 ~2 , 9 ,16
TL I E ,2,aN ,MD, OS = 600,R P ,S P
FJ~- 1~~A~~,S~~PL IB , S N ~~PSX jN

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U F I L E  I N E R A T~~0 f l N  06/27/79 AT 8.23

~J I L N  (! .~,, T A S E T  IS A B O U T  TO g E P R 1 T T E N
i.T1u ~ D M TA S E T  hA S NOW B E E N  ~l R i T T E N

5 D I T O ~ T~~R M I N A T 1 N &  i9/100 SEC L N O S  iS E L A ~~S E~ U
Fu~ T~ A~ ,S ‘P 11 B, ~N ~C ,T 535
F J i T , S ~~?LI~~,5N~~6T S35 ,D= 3521,DN ~~C gA Y 1

0 FI LE (.~~NE~~AT ED ON 05/23/79 A J 11.98

1 1 4

- 5 - -  - 
1T~



- - - -
~~ - -

I
I S T 1~~L G E .

- ~EI) I T  ,i~:PL IE ,D~~:kS JA C  ,i..L
• (RSJAC) .

2 — — —  S U B R J U T IN F  J M A T k A (S, R H S , N~~L , l P k,CT ,J~~AX ,N , 1 I , F ,J ~~, E ~~, f r J 1 )
• r P A R ~~~U L L ( L E N S I T ~ E~~U A T I I N ~ V L R 3 I [N
‘. — — —  C J M A T R X  E V A L U A T E S  u E L~~/ C E L T  US iNG ~ TEP si t .N5 Ch5 M E T H O D .

C 115 &LE !~ENTS A WE G L V E I~ bY :
C — — —  ( DEL I  F J J H F ,JF )
7 — —— C SC L ,M)

C D E L I  11 (IV .,JV ) I
C W r~F R E  ~ is THE D E N S i T Y  OF IUN IV AT A L T I T U C E  JV. L A P C

• — — —  C A P E (IMP UTED FR L ~~ 1F..  .IV .  TH E A R R A Y  ~HS (U~T A 1 ~~S ~~ LLE 5 CF
ii — — —  C EI J ~ A V F D  FR [Y P P FV II J L’S (.(MPUTAT I [!\

~2 ——— ~~ 
IM P L I C I T  RE A L ( A — r - i , N — L )

1’. — — —  V E A L  Dl
IN T E G E R  N ION ,NF Q

D I M E N S I O N  Pf- ~S( 12001 ,5 (NF~~,17 ) ,N (2,3C0 ),TI (3,30C1 , E ( 2  ) , V ( 2 )
17 — — —  C

r R i T c(6 ,33)
33 FO~~MAT (~~ENTEk Jt l~~TRX ~~)

DA TA F R A C T  , F R A C O
21 — — —  > / 1 .E — 4  • I •E—7 /
22 — - —  JMA T~~J~~AX

I F ( I P R . E C . 2 )  ~~~~~~~~~
J M A T 1 = J M A T — i

— - —  00 180 JLS~~1 , N E C
- ; 27 — — —  DC 1 90 KZS=1 ,7

2 8 — — —  S(JZ~~,KZS )=O.C
2-9 — — —  190 CL N T IN UF

1B0 C E N T I N U E

Dr 9C JF=2 ,JM A T 1
— — —  J1 :MA XO (2 ,J F—] I

3-4 — — —  J2~~~IN C (J F i 1 , J M A T 1 )
DC SC JV :JI,J2
DC 130 IV :1, c

T’’~ 
— — —  L r 2 0 (J F— 2 )

iF (J F . L F . 3 ) M r 2 2 (J V_ ? ) 4L V
1F (JF. GT . 3)~~~2~~(JV -J F )+1V ” .

~ RV = 2 ” ( J V — 2 ) + I V
“‘ —— — C

C... H F O P  T I C A L C U L A T I F t ~5
4 4  — — —  IF (1PR. EL .2 ) GO IC 68

‘.5 — — —  r r F R A C T ~~T I ( l V s1,JV)/ (1.C40~~DT)
T I (I~~+ 1 ,JV ) :1I (1V + 1, JV )+H
CALL T F I J (JF ,1,I PR ,N ,T 1, F ,J B ,JBS ,V I
TI ( IV + 1 , J V ) = T I (I V + 1 , J V ) — H

CL T O 70
F — — —  bB C O N T I N U E

I F ( J V . L E . J 8 )  H r F R A ( O ~~N ( I V , J V ) / ( 1 . G + 0 O uT )
— - —  JF (JV .OT .Jb) H :FR~~C O )N C 1 V , J V 4 J B S— J P )/ (1.C+O ~~DT )

IF (JV.L F .JB) N ( IV ,J V )r~J (1V,JV )+H
‘‘‘4 ——— I F C J V . h G . J B )  N I K ~~N( 1 , J P S )

I 1
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L - - - -- --’-------- ----- -~ --- ---

L I S T I ’ FlC

IF (JV .~~C.Jb ) NI C = N ( 2 , J 5 S )
IF (JV .UT .JB ) l~ ( IV , J v .Jb S — J B ) = ~l ( IV ,Jv i J B 5 — J B )4r

(
I F I J F . L E . J b ) C A L L  D F I J (J F . 1 , I P R ,N ,TI , F , J B , J t S , V )
IHJF .GT.Jb ) C A L L  DFI J (JF+ JdS—J g, 1 ,IPR,N ,T 1 , F , J 1 3 , J E S ,V )
1F (JV .LE.Jb ) N( 1V ,JV ) N (I V ,JV)—r l
IF ( JV .ED.JB  ) NI l  , J S S ) N1K

62 — — — , IF (JV.EC.JB ) N12 ,JBS)=N1 (
I F ( J V . C , T . J b )  N ( i V , J V + J B S — J 8 ) = N ( I V , J V 4 J B S — ~~M — r

70 C O N T I N U E
-5 — — —  FU1= F (1)

~-8 — — —  F U 2 = F ( 2 )
67 —— —  F L 1 = R H S I L + 1 )
‘ b  — — —  F L 2 = ~~H5(L+2)
69 — —  - C

1 F ( J F . L F . 3 )  S ( L- . l , M ) = ( F U I — F L 1 ) / h
- 71 — — —  I F ( J F . L E . 3 )  S ( L + 2 , k ! i = ( F U 2 _ F L 2 ) / h

7
2 _ _ _  IF (JF .GT.3 ) S (L +1 ,~~— 1 )= (FU1— FL1 )/H

IF (JF.GI .3 ) S (L+2, M—2 )=(Fu2— FL2 )/H
7.1 — -  — (
75 —— — j30 C O NTINUE

90 C O N T I N U E
17 — — —  80 C O N T  I NUB
7o  - -—  R FTU FN
7~ 

— — —  EN D
C S , ? ‘ ~~LS , ? !  , ? !~~ i, ? !  0E I 1 ,~~~~~ , ?  , ?  It  ,~~~!

:1 — — —  S U b R O U T I N E  B D S L V ( N , M ,5 , K S , b , X , W c - R M , F’. F L A G )
I M P L I C I T  R E A L ( A — h , t J — Z )
D I M E N S I O N  S ( 1 4 , 1 ) , W L R K ( N , 1 )
NF LA D =0
I1= 2~~M+2
12=11 + 1
13 = 1 2 + 1

G B  C
39 — — —  600 F O R M A T  I ‘ B DS L V  ‘ I

— — —  W R 1TE (b ,600 )
C

-‘2 — C A L L  B N D X ( I~~,H,S ,K S , ~~ ,X ,W U R K , .~O R K (  1 ,I 1 ) , W L F J ( (1 , I ?)  , P ( RK (1 , 1 3 1

C 3 — — —  A ,N FLAG )
C M RETURN

ENi )

97 —— —  SU dR OUT INE EN DX( N , M ,A ,KS,E , X,S ,S C A L E , I N D E X , M O L , N F L A C )
I~~P L I C I T  R E A L ( 4 — H , C — Z )

c9 — — —  D I M E N S I O N  A (N,1) ,8 (1),X (1),SCALE (1) ,1NUEx (1 ), HUL (M ,1)

1~~1 — — —  D I M E N S i O N  M F S $ 1 5 ) , M E S 2 ( 3) , ME S 3 (4 )

i < FA L  MUL , I N O E X
103 — — —  I F (~~~.NE .0) GO IL 103

DC 102 I 1,N
I F I A (I,1)) 101 .118,101

101 X C I  )=B ( 1) /A l 1 .1)
- • 1 7  — — —  102 C O N T i N U E

R E t U R N
103 iF (~~5.Nf .O1 (.0 lu 1?6

116
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L I S I L ~~(..

110
111  — — —  i f  (M .(,T.N — 1  ) (-1 10 1 1 3

1 1 2  — — —  DI 105 J 1  , I eP
113 — DC . 104 I= 1 , N

11.1 S ( 1 , J ) = A C 1 , J )
11~ 

— — —  10” C O N T I N U E

l I e  — — —  105 C O N T i N U E

117  — — —  C

110 — — —  C

119 — — —  N P 1 N + 1

120 — — —  M P I :M + 1

1 2 1  — — —  00 1DB I 1 , ~~

122 — — —  M D 1 P I M P 1+I
12i — — —  I F U ’ P l P I— I B P )  106.106,10’ I
124 — — —  106 N P 1 M I = U P 1 — t

125  — — —  DC 107 J~~M P I P I  , I b W
126  — — —  S ( I . J ) = C .

S ( N P 1 M 1 , J 1 0 .
107 CONTIN UE

12~ — - —  108 C O N T IN U E

109 DC 115 I=1 ,N
13 1 — — —  810=0.
132 — — —  DC lii J 1 ,IBW
133 — — —  1 F ( B 1 G — A B S ( S ( I , J ) ) )  110,111,111
13 ’, — — —  110 bI~~= 4 8 S ( .S ( I . J) )
135 — —— i i i  CONTI N UE
1?o  i F ( B I G )  114 ,112,11’ .
137 — — —  112 ~P 1 T E ( b , 9 1 9 ) I
138 — — —  919 F C R M A T (  ‘ it’. B D S L V , R [ W ’ ,13 ,’ 1 .5 ZERO IN I(’PUT M A T R I X ’)

179 — — —  N F L A D = 2

R E T U R N
1 41 — — —  113 W RJ TE(6, 91d )

9 18 F C R M A T (  • iN BDSLV £ L ( L ( C C  e 4 N 0 P~1DT N IS ICC L A R G E ’  I
163 — - -  N F L A C = 3

R E T U R N
16 s — — —  116 SCALE (I) =1 ./EIG

115 C O N T I N U E
147 Lflv. M
1’40 — NM1 N— 1
14 9 — — —  DC 125 K = i , N M 1  F

150 — — —  L(7,1 M 1 N O I L O W + 1 , N )

-
- 15 k  — — —  ä I G z U .

1C 2 DC 117 I=M, L DW
173 — — —  S J Z E = A B S ( S ( I , 1 ) ) t S C A L E ( 1 )

IF (S1ZE . — BIG ) 1l7 ,1~~7,1i 6
k i t  B 1 C = S I Z E

• l E a  — — —  1 P I V = I

167 - - -  117 C C I~T I N U E
I F ( B i G )  119 ,1 16 , 1 1 9

15~~~— — —  118 WF.i TE (6,917)
16C — — —  917 F O W M A T (’  IN 8 D S L V  L~~L L L ~~~L LER C P IVC T E L E t ’ E N I ’ )
161 — — —  N F L A G = 1

1 2  — - —  R~~ T U R N
l~~3 —-— 119 INDEX (K) :I P IV

1F ( IP IV—K) 120,122,120

Il l

C

_ _



r

1~~~~ — - ’  i~’C S ( A LE (I P I V ) ’ 5 (u L F C M )
i,I 12 1 J :I, 1~ ,P
T E ~~P~~SU< , J I
5(~~,J )zS ( I P I V , J )
S t I P 1 V , J )=T E ~~P

1 70 — — —  12 1 C E N T I N U E
1 11 — — —  12� P I ~ i t T r S (K , l )

1 1.. — —  — P’. (  U N I  ~~iJ

l u  — — —

U F  1 21.. I ~(PI ,L U P
rUU~~T - I ’~[ U N T + 1

17a — — —  F A C T ~~— S (i , 1 ) / f - 1 V ~~T
j~~7 — — —  MUL (~~r~~I~.T ,K)~~F A t T
I7~ — — —  DC 12 3  Jr 2, I5P
I 75 — — — 5 (1 , J— l )=S (1 ,J I + F ACT ~S (K ,J)

i~~O — — —  123 C C N T I N U E
1~~1 — — —  S (i ,iP~~)=O.

12 4 (rN T INUE
12~ C I N T 1 N U E

IF (~~(N, I )J 12~~,i1 8,l 2 6
1?6 Of 12 7 !=1,N

1 ’b  - - -

I i — — —  12 ! ( I r , T L ~4 U f

D C  1 30 W~~~I ,NM I
I P i V ’ 1 ~~~ E X  ( K  I

1~~1 
— — —  1F (I P IV .EQ .I< ) GO IL ~2d

- 1~~ . — — —  T E M p r X (jK )
x (K)~~X (IPIV )

1’ 4 — - —  x (I P 1 V ) ~~T f M ~
i2~ KI -~~N T = 2

K~~1rK4 1
I — — —  LCi,.:M INO ILLW ’l ,~

DC 12° I :K P I,LO P
1 - 9  — - —  ,~C U N T ~~K i U N T ~~1
2 C~~~— — —  X ( j )~~X ( 1 )+,~UL (I (~JLNT ,K) ,X (K)
2~~1 — — —  j 2 ’~ C r N T A p ~UF
2~~~~ 2 I3 ,~ C[1j•1~F•UE
2~.i — — —  X (N )=X (N)/S(N ,I I
2~~. 

— — —

S - — —  01 1~~ ? N-A 1y~~I ,\M1
Ir ,—1 E ~~(K

~~~ — — —  SIJ K - C .
L [~~~~ 1 ’.O (LL )P+1 ,1~~W I

-
~ 

“—  c1 ~~ i jB A C~~~7 , t L W
2 1 L ””’ J - 1 + J ~~’C Y— I

~ 11 S UM = S L ’~’+S(! ,JEt ~(K J ~~X (JI
— - —  ~ fl C~~ .T1N ~~E

2 1  ~ — — —  X C I  )= (X( I )— ~~U~ )/~~( 1, 1 )
1 32 C ’ - r ~1 I ’JUE

— - —  
~~~~

,~ ~~~~ T I S A~~ - U T l IT  ~ E •~~ I T 1f ~~

11 8
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‘~~0j T ,U:l- ’L IF,0 14= (.TS3 S ,LL
1 — — —  SUB RIiU T INE GT~ is I I Y C ,5EC , AL T .GL~~T ,t,LIJNU ,51L ,F 1 C 7 L , F 1 L 7 , A~~. A~~S ,D, (
2 — — —  > 1 )

3 — — —  A.E .H ED IN 1/~~~7~~; UPL.~TE0 3/~~/Th; 3/1 9/1€ C E ) ;  7 1 2 1 1 1 €  (A’) (
C M SIS NEUTRA L Th ML~5PHh~E K J D L L  I.

5 — — —  C NO L O N G i T U D i N A L  V A R I A 1 I L . N S  C
a — —— C IN PUT: C
7 — — —  C I Y D  — Y E A R  A N D  ..AY ~~ Y Y O D D  I

o — — —  I. SEC — U T I S E C )  C

( ALT — A L T I T U D L ( K M I  ( 6 r ~F A T t R  THAN 126 NP’ ) C
It. — —  — C C - L A  I — GE OLi E I IC LAT I IUCE (016) 1
11 — — —  C f . L ( T N (  — G E ( D E  T I C  LON ( . l IUL) E ( O E C .  I
12 C SIL — LOC A L A P P A R E N T  SO LAR T I , 4 E C H R S )  I

13 — — —  C F1C 7A — 3 M O N T i -~ A V E R A G E  OF F 1 D .7  F L U X  C

14 — — —  C FlU? — D A I L Y  F1C .7 F L U X  FO P PR E y 1105 C A Y  C
15 — — —  C A P  — M A G N E T I C  I N C E X ( C A I L Y )  C
l.a — — —  C M A S S  — M A S S  NUMo E k (INLY DEr ~S I T Y  F I .~ SE L E C T E D  (1.5 IS
17 ——— C CAL( ULATE O U N L E S S  M A S S  4~~. M A S S  

~ 
IS l E M P E P ~~I1~~E .) I

c CUT °UT:
— — —  C 0 (1 ) / S h i l l  — 

~-~E N UMt FR DC ;~ S 1T Y ( C M — 3 ) / S C A L E  t—~~1Gh T (KP’ )
20 — — —  C 0 (2 ) — Ii NUM b ER O E N S I T Y ((M—3) C
21 — — —  C D (3)/S?-413) — N? NUMB D [ N S I T Y (C M — 3 ) / S CA L E  I(- T(~~P’)

-: 22 —“  C 0(41 — 02 NUM 8ER D E N S I T Y ~~CM—3 ) C
-
~ 33 --- C 0 (5 )/SH (E) - A R N U M B E R  )ENSI TY ([M-3) /5 (ALF ~ [1C 1 ~~(VP ’ )

2 ’~ — — —  C U (S )  — TOTAL K I S S  0E~~5jTY ((-M/(M 3) C
25 ———  C D (71/SH (71 — h t’.UI~t b E P O E N S I I Y ( C M — 3 ) / S C A L E  h E I G h I ( ~~M )

- - 25 — — —  C 1 ( 1 )  — E X O S P H E R I C  TE~~~~E R A T U ~~E C
27 — — —  C T (2 ) — T E M P E R A T U Q E  A T  A L T  C
2i — — — c J M E N s J n ; ~ S H ( 7 )
29 — — —  C L / C T 5 3 C / T L F , S , D b 6 , U ~~ 1 6 ,OE- 2 8 ,CE ,D B ’ .C ,D~~4c . L~~ i C

O I M E N S 1 C N  u (7),1(2),MT (R ),DL(9) C
C IM E N S I C N  ~T1(50),PT2(SC), 1(5C),PA 2 (5C),~- B1 I 5 O ) .~~B 2 (5C ) , C

32 ——— ~ PC1 (50 ),PC2 (50),PCI ( 5e),P02 (S0),PEI(5u) ,P12(S ) C
C T E M PE R A T U R E  C

3’, — — —  D A T A  P T 1 /  C

~ 1.0413GB 03, 2.59303E-33, 3 .3 3 2 € 3 E - C 2 , - I . 2 3 8 € C t - C i ,  4. C1~~E-C3,C
s.743305—03 , — 1 .O,39’4t 01 , 2.09679E—C3 , E .4 3 1 5 e E — C 3 , — 1.2 6 3 1 2 E — C 1 , C

37 — — —  ~ —2. 52197E—0i , 1.1755 7E—0 2, — a .3559 ’ .E—C3.— I . I 6 2 S E E  ci, c.c
o .27580E— 03, 7.29C32E—03, 9.90241B Cl. i .12 475E—C 2 , 1 .1St3 ~~E — C 3 , C

—5 .37’,451—06, 3 .1 9749E—02, 0.0 p 3.G7’74 C~~, 1 .LCCCU CC,C
D.C , 0.0 , 0.0 , C.C , I .CCCC (E CC ,C

Ci — — —  0.0 .— 2 .69559E 01, 5.9292~.c_ C3 , 1.33 e s6E—c ~~, I .C C C C E  CC ,c
62 --- ~ 1 .12319E-02, - 6.7’.976E-03,-1.011055-C2, 3 .212 61E Cl. 8.585 3(E-C’.,C

~ 2 .B732~~E—0 4, 0.0 , 0.3 , 5.5 ~16E ~—C I , l.a i~~ E — C l ,  C.

~ 9.D5t30E—03 . 0.0 , 5 . 6 2 0 4 4 E — 0 3 , C . C  •
- 45 ——— DAT A P12/ C.

‘s o  — — —  • 1 .73064r—C ’1. —3 .7310~~E_ 0?, 3.57Q4 9E—C 2, — l.. ’ .c97CE— C~~. 2 .�i4 4]~~— C2 ,C

~ 4.77~~11E—0 3 . 3.7440BE—02, —1 .001~~5E—C 2 , F.1t8 43L — C ’ , 5 .512 E— C 3 ,C

~ 0.0 , 0.0 , 1.0ss42E CD, C.C , C . C
C .0  • i.6cS c.1E— 03, —5.213’.,E—C’4, 1 .71912E— C ?, L~.EA E tE f -C 4 ,C

- 
i .3?70,F—03, .6C343E— 03, 2.94944E—C3,— 2 . 3 1 4 € 3 E — C~~, 5 . i 4 C € t E - C 2 , ~
c . ’.~~2 S 8 F 0 i ,  (.C , 0.0 , (.0 • C .2

0 .0 , 0.0 , C.C • C . C

‘.3 O .C , 0.0 , 0.0 , C.0 • C.L
‘‘4 — — —  * 0.0 , 0.0 , 0.0 , C .C • C .C

119

- —_— — - - - — - - - _ . -  
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~S TIf ~G cs~

55 —— —  0 0.0 • 0.0 • 0.0 , C .c , C .C IC
£ 5 — — —  H5 D E N S I T Y

D A T A  ~A 1/ C
1.00000E G0,— l .1 3 l U 8 E — O 1 ,—1 .9955 2E— C1. — 2 .~~25~ 3~~—C I , —~~.124lSE— C2, (
3.?0448F—02, 4 .98992E— 0I, .1l1 2 7F— c3 , — 3 .&2e ;7~~— G2 , 1 . e e l 2 E E  c c , c

L0 2 . 5 3 1 1 0 E— 0 1 .  1 .4 2 7 2 0 1 — U i ,  1 . 3 1 3 e 7 B — C 1 , — 1 . 3 3 € 4 3 E  C C ,  1.1
3.52942 (—01. — 13.p ’ .13 6E—J ?, 1 .06162f C~~• — I . 1 4 4 € 6 E — C l , — t . 9 2 t € ~~E- C’4 , C

0 
~~~ , 0.0 , D.C) , C .C , :.oCCCCE CC, (

0 
~~~~~~~ 

,— j .D -2 3 E — 0l , — 3 .1 97~~a~~— C2 , —3 .4 ’ ,S5 1E— C 2, C .C .1
C.0 .-I .8C’85E C2,-9.5~~827E-C 3, C .C , 1 .CCC C CE C0 ,C

0 5 . 2 8 1 4 8 F —  ,— ?.773 82h--0 2, 9.-5615 9E— C2 . —3.59 22€E CI , C.C
66 — —— ~~ D.C , 0.0 , 0.0 , 3 .9€583t —C i , i. 5 3 1 E 2 E — C 1 , (

t —a .L,l59 ’sE—02, D.C , 1 .3133’.E—C ’., C.C •
D A T A  PA2/
—3.9 ThC9E—0 1,— 9 .14425E—0 1 , 5.1C~ 0 1E— C2 , C.C , C.C

0 1.000005 00. 0.0 , 0.0 , C . C  , C.C
k ii ——— —3.2C e 63E—0 1. 

7 .25~ 60E— 0l , 1.252€5E CU , 1 .4~~5 C 7 E — C 2 , —1.~~2 E 3 l E - C 2 ,(
72 - - -  0 - 1 .5 5 74 4 E- 0 3 ,  4 . 6 € 2 7 7 E - 0 3 ,  1 . 1 2 2 I 9 E- C ~~,- 3 . 1 E 1 2 ° E - C ~~,- 3 . C 2 1 3 C E - C 2 , C

-

~ 7~~~— —— o — 5 . 1 5 4 1 C E — O 3 . — I . 8 7 3 d 3 E — 0 2 , — 1 . 7 2 S 7 7 ~~— C 2 ,  3 . E t C 2 E E — 0 3 ,  t . € 1 E E ( E — C 2 , (
7 . 44 0 0 5 5— 0 2 ,  0.0 , 0 . 0  , C . 3  , C .~

75 — — —  0 0.0 • 0.0 , 0.0 , C.0 • C.C
7€ — — —  ° 0.0 , 0.0 , 0.0 , C.C , C.C ,.

77 — — —  0 0.0 0.0 , 0.0 • (.1 • ~ .c ,

l B  ~~~— 0 C.0 • 0.0 , o.o • C.C , C.’.
7-, — — —  C u DE N S i T Y C

-
‘ EQ — — —  DATA Pt~l/

~~~~ 
— — —  o 1.00000E 00.—1.0 4704E—01, — 1.252 08E— C1, —S .34C52E—C~~,—2 . 5 c 3 5 € E - C � ,C

* — 1 . 0 2 e i 7 4 5 — 0 2 .  1 . 5 1 ? 1 1 E — 0 1 , — 2 . 7 3 ô C b E — C 2 , — l . 6 9 2 € 4 E — C ~~, ‘ .21~~4 C E — C 1 , C
C . C  , 2 . 2 1 8 5 C E — 0 2 ,  2 . 9 1 8 A S F — C 2 , — 1 . ~~C 4 5 1 E  C i .  C . (. .1

o 1.370335—01, 0.0 , 1. 04 2 4 6 E  C ,  € . 4 1 3 5 5 E — C , 9 . 5 & 1 1 E E — C 4 ,C

~ c.0 • 2 . 2t 0 63E— ~.)3, 0.0 , C .C , l . C C C C C E  CC,C
5 — — —  0 0.u ,—3. 8~~3d5E— 02, 0.0 

, C.C , I .CCCt.LE C0 .D
0 0.0 .— 4 . 3 3 8 4 9 E  Q 1, — 9 . 3 4 1 5 3 E — C 4 , ( .C  , 1. C CCC CE CC ,C

~ o. c  • 0.0 ,—7.53 5995—C 2,— 3.58 478E Cl , C.C
a, — — —  ~ C.C • 0.0 , 0.0 , € . 6 4 0 4 1 E — C 1 ,  2 . . i 5 6 1 C E — C 1~——— ° — 3 . 2 7 5 4 9 5 — 0 2 .  0 .0 , 1 . o 9 2 3 2 E — C 3 ,  C . C  , 2. 16C1~~E— C 3/C
Si — - —  D A T A  Pu2 / C

C — 1.131675 CC, 1 .1dC27E 30, 2.0C55~s E- C2, C.C , C.C
o • 0.0 , 0.0 ,— c . 6 ’ .9 c s E — c i , — 4 . s lcc~~E — C 1 , c

C 4 ——— c —5. 498?7E—o1,— 2.12 652E—02, 9.47113E—0 l, e .1’ .C7’E—C 1,—~~.1l~~C C E — C 3 , C
c~ C 2.036345—02, 3.G235PE—03, 1.~~C946F— C3, 2 .62 931E—C 3 , 2. 6762 1E—C3, C

0 — 1 .27535t—D 3. —1 .3a 626E— u2, — 1.3O574~~— C2 , t.3 C 837E— C3 , — ’ . .S € t € I E— c 2 ,C
o 4.20439E—0l. 0.0 , 0.0 • (.0 , C.C

c.c , 0.0 , 0.0 • C.C , C.C
L9 _ _ —  0 0.0 , 0.0  , 3.0 • C.() • t..L

~ C . 0  • 0.0 , 0.0 , C .0 , C .0
101 — — —  0 0.0 , 0.0 , o .o  , c.c , (.0 IC
1 c2  — — —  C 02 D E N S I T Y  C.

133 ——— D A T A  PCI/ C
1~~4 — -— ~ 1.000005 00, 0.0 , 0.0 ,— l. 42e’45 5—C 1, C.C
1’ ’ ——— ~ 2.e9324E—02, 2.3e56 9E—O1 , 0.0 ,—: .CE0~~5~~—C 4 , ~ .3ICE ~~E— c1, C

——— C C.0 • 0.0 , 0.0 ,— 5.9179 4E— C 1 ,  (.C ,C
l~~7 — — —  C — 2.17693E—01, 0.0 • 9.5~ llS E C1 ,—l. 10 944E—C 1 , C •C
I r,o ——— 0 

~~~~~ • C • 0  , 0.0 ,— 1 .735C1E—0 2 , C.C
109 — — —  0 0.0 • 0.0 , 0.0 , C.C • C.C

1 2 (1

- 
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110 — - —  C.0 .—2.2C ’S1E 01 • — 5 . 9 2 0 P 5 f — C 3 ,— 3 .3 7 1 2 75 — C 3 ,  9.3E6€ ~~E— C l . C
0 0.0 p 0.0 ,— 1 .15075 E—C 1  , 2 .CES ~~3E C l , 0.6 .1

112 0 0.0 • 0 .0  , U .u p 2 .5CGCCE— C I , 1 .01CC C E CC .0_ _ _  
0 o.C , 0.0 , 0.0 , C.C , C.C IC

114 — — —  D A T A  PC2/

115 — — —  0 0.0 • 0.0 , 0.0 , (- .0 , C.C
l b ——— 0 3.0 • 0.0 • 0.0 , C.C • C . C
111 _ _ _  o o.c • 0.0 , 0.0 , C.C , C . C

0 0.0 • 0.0 , 0.0 , c . C  , C.~ .0
11 9 — — —  o 0.0 • 0.0 , 0.3 • C . 0  , C.C .0
1~~L 

— — —  C.0 , 0.0 , 0.0 , C.0 • L.C
-: I~~~I — _ —  o 0.0 , 0.0 • 0.0 • C.C , C.C

~ C.D • 0.0 • 0.0 , (.0 , 0 .6
12~ —-— 0 0 .0 • 0.0 , 0.0 , C.0 • C.c .0

1?’, — — —  0 0.0 • 0.0 p 0.0 p C.C , C.C /

1 2 5  — - —  C A R  DENSIT Y c
DATA 031/ C

127 —— —  ~ 1.000035 00. 0.0 • 0.0 ,—€ . 43CC2 E—C2 , 0.0 .3
12a — — —  ‘. — 1 .12C1bE—0 2, —E .0E 005— 02, (.0
12 9  — — —  ~ 0 . 0  • 1 . 1 C 8 2 C E — 0 1 , — 9 . 2 2 B 3 ~~E — C 2 ,  8 . 4 6 2 9 C E  C C ,  0 .0

-~ 1~~C 
— — — — 3.218765—0 2, 1 .6€617E—0 I , 5.-~3C81E C1, — €.41921E — C2 , — 3.8e44~~E— C3 ,C

• 1~~1 
_ _ _  0.0 • 0.0 • 0.0 • C.C , C.C

1 ~~ —— — C 3~~Q , 0.0 , 0.0 • C .~~ • C •t .
133 — — —  C.G • £ .172u35 01, i .73491E—c3 , C.0 • l.C CC C C E CC,C
1~~4 — — —  0.0 • 0.0 •— 1 .74916E—C1, — 1 .CS277E Ci , c.c .0
i~~5 ——— 3.0 • 0.0 , 0.0 • 2 .SC060E— 01 , 1 .c ,CCCC E CD ,C
1 3~ 

— — —  1 .1~~579E—0 2 , 0.0 
, 0.0 , C .C • C .C IC

1-’ ? —-— DA TA P02/ C
• 1 ~d — — —  C .0 • 0.0 • 0.3 , C .C • C .C .0

~ 1.000005 01. C .0 , 0.0 , C.C • C.(
1’-.C —— — ~ 1.~~7~ S8E 00, 1 .08431E 00, i .131~-7E CO . C.0 • C.C .6

o 0.0 , 0.0 , 3.0 , C.C , 0.0
1’.2 ——— ~ 0.0 , 0.0 , 3.0 , C.C , C .C

0 c~ o • 0.0 , 0.0 , C.G , C.C
166 ——— ~ 0.0 • 0 .C • 3.0 , C .C • C.C .1
11.5 __

~~~ o • 0.0 , 0.0 , 0.0 , 0 .0  ,C 
-

165 _ ° C~~G • 0.0 • 0.0 • C . C  • C .C

~ 0.u • (‘.0 , 0.0 , (.0 , 0 .6  /6
C ~-‘ D E N S i T Y

1’.9 — — —  D A T A  P€1 /
1H. ——— ‘~ 1.0000uE 00.— 1 .~~3S54E—0I , .O , 2.C 9445E—C I, ~ . e 2 ~~5 E — C 2 ,
1~~j — — —  0.0 • ~ .B~~010E—01, 2.94125E—C 2, C.C , 3 . 3 1 C € I E — C 1 ,

1 .045321—0 1, —2. 4?471t—02 , ‘s .3Et10 E—C 2 ,— l . 4i74~~E C l, C.C ,
• F3 — — — * 0.0 , 0.0 , 9.82546E Cl . 5.E~~~27E—C 2 , — 1 . 2 4 € C€ E — C 2 ,

C C.0 • — I  .9 3 0 0 0 5— 0 2 ,  0.0 • C . C  • C . C  ,
0 0.0 , 0.0 , 0.0 , C.0  • C . c  S

~ 0.0 • 9 . 2 c 7 3 7E ol , — 5.le 54 IE—C3 , C.0 ,

l~~7 — - —  d . 5 7 1 1 8C _ 0 2 , _
~~~.97 l f f i 9 E_ 0~~ ,_ 9 .G € 5 C 7E_ C 2 , _ 7 . 2 CC 3 S E  C l ,  C .C

l~~~ ~~~~~~~ ~ 0 .0  , 0.0 , 0.0 , 2.5c000E—Cl , I .CCCCC E CC,
i~~9 ——— 0 0.0 , 0.0 , 0.0 • C.C , C.C IC

CA T A  PE2/ C
0 C.G • 0.0 , 0.0 , C.C • (.0 ,C
0 0.0 • 0.0 • 0.0; • C.C , t~.C

• _ - _  0 
~~~ • 0.0 0.0 • 0.0 • C.C

1 (4 0 
~~~ • 0.0 • 0 .0 • c.c • c.c
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OS,

l” D — — —  0 3.0 • 0.0 , 0.0 • C.0  • C . C
1~ - b — — —  C C.C • 0.0 , 0.0 • C.C • C.C .0
167 —— —  0 C . O  • (- . 0  • 0.0 • C. 0 • C.C
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2 1 0  — — —  I F (M A ! S .N E .4d )  C,[i 11 90
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2 50 — — —  P L G ( 5 ,1) (3 ~~. 0 (4  — 30.0(2 • 3.)/8. (
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2 16 — — —  111 = T L U C C
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342 — — —  E N T R Y  c L h ( s s ,r) R 2 e )
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SEt — — —  6 11 8 5 = 1. 4
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L E T  = (R E 4 L L E ) / (R E 4 A I T )
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